Eziz okyjylarym! 


Bu eliüizdüki meni 7 - nji kitabymüyr: ÖSÜŞIN 9 SYRY (2016), HEKAYALAR 
(2017), PIKIRLER (2018), FUNDAMENTALS OF ECONOMICS AND FINANCE (2020), 
CHALLENGING ECONOMICS QUESTIONS (2023),  MATEMATIKI  YKDYSADYYET (2024). 
Ekonometrika - ykdysadyyeti ölçemek, diymegi añladyar, we örân cylsyrymly 
ykdysadyyet ugurlarynyü biri hasap edilyándir, munyü sebâbi bolsa, örân 
matematiki we tehniki bolmagydyr! Yöne, ekonometrika - her bir ykdysadçy üçin 
hókmanydyr, sebâbi, ekonometrikada ulanylyan ykdysady seljeris usullary, 
usullaryü “in dogra” yakyny we “iñ  takygydyr .  Házirki döwürde 


” ,” data science” .” machine learning” ve “netvork 
” yaly usullar ykdysady, syyasy, maliye ve beyleki seljerislerde 


ulanylmagyna başlanan hem bolsa - da, enták bu seljeris usullaryü doly 
övrenilmegi ve özleşdirilmegi üçin kän wagt gerek bolar. Ekonometrikada ginden 
ulanylyan OLS (Ordinary Least Squares) usuly bolsa, gifiden bilinyür ve 
ulanylyar. Ekonometrikadan - gaçmak yokdur! “Bu sapagy, talyplar üçin, elhenç 
edyân zat nâmekâ?” diyen pikir mundan 3 - 4 yyl mundan ozal gelipdi kelláme, 
we şondan bari, bu sapagy okatmagyñ iñ agyrysyz ve “iñ kösençsiz” 

usulyny gózlesdirmáge başlapdym. Iñ yitije ve ykdysadyyet ylmyna aşyk 
talyplaryma bu sapagy dogrusy her dürli edip okadyp gördüm: güyçli matematiki 
usulda, nazaryyet agyrlykly usulda, we s.m. we talyplarymyn elde edyán ylmyna 
seredip şu netijâni çykardym: 1) ekonometrika sapagy - ekonometrikanyi 
esaslaryny gowy bilyân talyplar üçin afisat! 2) ekonometrika sapagyny - dile 
amaly usulda öwretmeli, yagny mysallar we mesele bilen! Her zady öwrenmegil öz 
usuly bardyr mysal üçin gündogar söweş sungaty bolan Karate, yuvaş - yuvaşdan 
öwredilyâr. Ykdysadyyet ylmy -  nazaryyet  agyrlykly matematika bilen 
öwredilyâr! Suwda  yüzmáni bolsa - dine suwa girip öwredilyâr! Ynha 
ekonometrikada edil suwda yüzmek yaly, gönümel seljerişlere girip öwrenilyâr! 
Birnâçe minut tanyslykdan soüra, göni regressiya (ekonometriki seljerişe) 
başlayarynl Bu başda birhili bolsada, her sapakda regressiyanyü belli bir 
bölegini öwrenmek arkaly, anyrsy 5 - 6 sapakda, talyplar ekonometriki 
seljerişe düşünip başlayarlar. 3 Yylyü dowamynda bu ekonometrika okatmak 
usulymyü üstünde işledim ve şeylelikde, bu sapagy, ykdysadyyetin esaslaryny 
bilyán ve az - ovlak matematika bilen tanys talyba añyrsy 10 sapakda övretmek 
mümkin yagdaya geldi! Bu kitabyn her bir bölümini 1 sapak diyip alyp 
bilersiliz, şunlukda bary Yogy 13 sapakda (aüyrsy 40 gün), ekonometriki 
seljerisleriñ esaslaryny ówrendigiüiz bolar. Yagny, iş yerlerinde gerekli 
ekonometriki seljerişi edip biljek, düzgüne layyk netijeler alyp biljek derejá 
yetmek mümkin. Bu okuv kitaby özbaşdak hem okalyp biler, yöne men bu kitaby, 
Amerikanyn yokary okuvlarynyü aglabasynda okuw kitaby hökmünde ulanylyan belli 
ekonometristler Damodar N. Gujarati ve Dam.C. Porter - iñ yazan “BASIC 


ECONOMETRICS” , fifth edition, 2009, kitabynyá yanynda yan kitaby hökmünde 
ulanylmagyny maslahat  beryárin. “BASIC  ECONOMETRICS" kitabynda, örün köp 
tablisalar bar we órán köp talyplar üçin işler berilen, men öz kitabymda ynha 
bulardan peydalandym. “BASIC ECONOMETRICS” kitabynyü her bölüminiü solunda 
talyplar üçin işler (EXERCISE) berilen ve esasan hem muny çözmekde kyncylyk 
çekyân talyplar üçin menif yazan kitabym örân peydaly bolar, sebábi “BASIC 
ECONOMETRICS” - de berilen iñ agyr ve çylşyrymly işleri öz kitabymda çözüp 
görkezdim ( “BASIC ECONOMETRICS” - de berilen işleriü çözgüdi berilenok!). 
Sonuá üçinem, AMALY EKONOMETRIKA kitaby, diñe talyplar üçin dál, eysem - de 
ilki bilen yokary okuw mugallymlaryna/kardeşlerime örân peydaly bolar diyilen 
umyt bilen yazyldy. Bu kitabyn Türkmen dilinde yazylmagy bolsa, Türkmen dilini 
ösdürmek we yaymak maksatlydyr: sebábi her bir dilin ösmegi ve yayylmagy üçin 
şol dilde yazylan kitaplaryn, esasan hem ylmy kitaplaryü sanynynyü bollugyna 
baglydyr! EXCEL, her bir kompyuterde bar bolan ve sözüň göni manysynda iñ 
arzan programmadyr, we sonuñ üçinem, dhli ekonometriki seljerislerimi EXCEL 
ulanmak arkaly yerine yetirdim. Ekonometriki seljeris programmalary az dáldir, 
yöne gynansakda bularyn aglabasy gymmat. Şonuü üçinem, talyplara uly kömek 
bolsun diyip, regressiyalaryn âhlisini EXCEL ulanmak arkaly yerine yetirdim. 
Arzan - hemişe hili pes diymegi afülatmayarl Içinde göyberilen harp we san 
yalüyşlyklary üçin ónünden ötünç sorayaryn! 


Y. Yagşyyew 


P.S. Ahli kitaplarym menin öz işimdir ve hiç bir yerden yekeje sózlemem 
göçürilen dáldir! Sözlem aüyrda dursun, eger - de bir mysal alnan hem bolsa 
hökman alnan yeri salgylanandyr! Ahli işlerimiü çykdaiysyny özüm çekdim, we 
áhli işlerim muzdsuzdyr (mugtdyr), satlyga degişli dâldir! Niyetim - 
watandaslaryma peydaly bolmak! Usulym - ykdysadyyet ylmynyü ince syrlaryny 
ayan etmek arkaly! 


Y. Yagşyyew 


Bu kitaby, alym bolmagy arzuw edyán Mehdi ogluma, ve Názli gyzyma 
bagyş edyârin! Goy, dhli zady boldurybilyân KADYR ALLAH sizi 
niyetiüizden ayyrmasyn! 
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1 - NJI BÖLÜM. EKONOMETRIKA NAME? 


Ekonometrika, daşary yurt yokary okuvlarynda soñky yyllarda berilmeginin 
esasy sebábi - amaly bolmagydyr! Yagny ekonometrika, ykdysadyyet ve maliye 
ylymlarynda öwrenilyân mowzuklaryn ahlisinin, yygnalan statistiki maglumatlary 
matematiki usulyyetden geçirmek arkaly hakyky netije çykarmagy öwrenyâr we 
övredyarl Ekonometrika öwrenmek ve amal etmek üçin, ykdysadyyet, maliye we 
matematika ylymlarynyü bilmek hökmanydyr. Şonuü üçinem, bu okuw sapagy 
ykdysadyyet we maliye hünárini okadyan yokary okuvlarynda dine soüky yyl 
talyplara berilyâr. Kárhananyü balansyny ve girdeji çykdaiy hasabatlaryny 
ulanmak arkaly kârhananyi maliye Yagdayyny seljerise - maliye seljeris 
(financial analysis) diyilyâr. Jemi içerki önüm, işsizlik, inflyasiya yaly 
ykdysadyyetdâki makro ve mikro görkezijileri ulanmak arkaly ykdysadyyetin 
ösüşini, durnuklylygyny we degişli yagdayyny seljeriş etmeklige - ykdysady 
selieriş (economic analysis) diyilyâr. Statistiki maglumatlary ulanmak arkaly, 
belli bir görkeziiiniü (garaşly górkeziji, dependent variable) tiytgemeginin 
sebâbini beyleki bir  górkezijilerdáki  (garassyz  górkeziji, independent 
variable) üytgesmeler arkaly seljeris gecirilmegine - ekonometeriki seljeris 
(econometric analysis) diyilyár. Matematikanyn ykdysadyyet ylmyndaky maksady, 
ykdysady nazaryyetlerin şekillerini matematiki usulda görkezmekdir. 
Ekonometrikanyü maksady bolsa, ykdysady nazaryýetiň, statistiki maglumatlary 
ulanmak arkaly hakykatdan - da dogrulygyny ýa - da yalñyslygyny subut 
etmekdir. Mysal üçin,  ykdysadyyetiü ösmegi issizligin azalmagyna 
getiryündigini ykdysadyyetiü iñ köne AD - AS modeli (Keynesiü modeli, Domar 
model, Aggregate Demand ve Aggregate Supply) aydyar. Munyñ hakykatdan - da 
şeyledigini subut etmek üçin ençeme yyllaryn dovamyndaky jemi içerki önüm 
bilen işsizligiü arasyndaky baglanysygy ekonometriki seljeris arkaly tapyp 
barlap bolar. Âhli selierişleriü - maliye, ykdysady ya - da ekonometriki - 
esasy maksady bolsa, ölüde goyulan meselâ ayanlyk getirmekdir. Karhanalaryn 
maliye seljerilisiniü maksady kârhananyü kemçiligini ve artykmaç tarapyny 
tapmakdyr.  Ykdysady  seljermániü maksady  ykdysadyyetdáki bolup  gecyán 
yagdaylara has icgin düşünmek ve gerekli yerinde düzedişleri girizmekdir. 
Ekonometriki seljerisin hem maksady, görkezilileril arasyndaky takyk 
arabaglanysygy (correlation) tapyp, bu takyklygy ulanmak arkaly górkezijileriiü 
üytgemegini dogry çak etmekdir (prediction)! Yokarda iemi içerki ónüm bilen 
issizligin arasynda ters arabaglanyşygyü (negative correlation) bardygyny 
tapypdyk. Ekonometriki seljerisiü netijesinde, bu baglanyşygyü takyklygyny 
tapyarys. Mysal üçin: Ykdysadyyetin 1% ösmegi, işsizligi 0.24% düşmegine 
getiryândigini! Bu  takyklygy biz, gelejekde işsizligi çak etmek üçin 
(prediction) ulanyp bileris. Aydaly, eger - de jemi içerki önümimiz 65 


yokarlanmagyna garaşylyan bolsa, onda issizligin hem ortaça (6*0.24-1.442) 
1.445 düşmegine garaşylsa nádogry bolmaz! Islendik meselániün ekonometriki 
seljeris üçin gerekli ddimler: 


Ekonometriki seljerilisi geçirilmek islenilyân meselániü ykdysadyyet ve maliye 
ylmyndaky nazaryeti (theories) gözden geçirilmeli. Mysal üçin: Ykdysady ösüşiň 
işsizligi düşüryündigi gipotezasy (nazaryeti). Arkasynda hiç bir nazaryet ve 
pikir (logika) yatmayan meselelerin ekonometriki seljerisi iñ bárkisi örân 
gülkünç bolar. 


2 - nii ádim: 


Nazaryetin matematiki modeli gözden geçirilmeli. Mysal üçin işsizlik bilen 
jemi içerki önümiü arasyndaky ters gatnaşyk barada AD - AS ykdysady modelde 
aydylan hem bolsa, bu gatnasyklaryn matematiki modeli orta atylan dáldir. Bu 
yagdayda, ykdysadcy, Jemi Içerki Önüm (X) bilen işsizligiü (Y) arasyndaky 
gatnaşygy matematiki usulda, çyzykly (linear) diyip kabul edip biler, yagny: 


Y= Bi, + B;X 


Y - garasly górkeziji (dependent variable) diyilyàr. 
X - garaşsyz górkeziji (independent variable) diyilyàr. 
B,,B2 - kafisentler (estimators, coefficients, parameters) diyilyür. 


Garaşly we garaşsyz görkezijinil arasyndaky gatnasyklaryn matematiki modeline 
- funksiya diyilyár. Funksiyalaryn görnüşi Gran kópdür (quadratic, cubic, 
logarithmic, exponential, we s.m.) we  ekonometriki selierişi geçiryün 
ykdysadcy bularyü iñ amatlysyny (efficient) saylap alyp ulanmalydyr. 


3 - nji âdim: 


Matematiki model tapylandan (saylanandan  soüra), statistiki maglumatyn 
Yygnalmagyna gelyâr. Gysgaca aydanymyzda, anyklyk getirilmek isleyân meselâni 
ekonomtriki seljerisden geçirmek üçin belli bir wagtyn dowamynda yygnalan 
statistiki maglumat gerekli bolyar. Makro - ykdysady seljerisleri geçirmek 
üçin (işsizlik, ykdysady ösüş, inflyasiya ve s.m.) iñ azyndan 20 - 30 yyllyk 
statistiki maglumat gerekli bolar, sebábi makro - ykdysady statistiki maglumat 
çaryeklik, yarym yyllyk we yyllyk dövürler üçin iemleneni üçin, 20 yylda 80 
çaryek, 40 yarym yyllyk ve 20 yyllyk maglumat bolyar. Maglumat nâçe köp wagtyn 
dowamynda yygnalan bolsa, ekonomtriki seljeris şonçada takyk bolar. Bu şufüa 
meüzeyár: mysal üçin 2 goñsyñyz bolsun, biri 40 yyl bari sizin yanyiyzda 
yaşasyn, beylekisi bolsa tázelikde göçüp gelen bolsun. Hayys goüşyüyzy has 
gowy tanarsyüyz? 40 yylyü dowamynda goüşyüyz barada âhli maglumaty bilersiniz 
we has gowy tanarsyüyz. Ekonometriki seljerisler hem edil şunuü yalydyr, belli 
bir statistiki maglumaty ençeme yyllaryn dowamynda yygnap övrenip gelen 
bolsaüyz bu görkeziji barada köp bilersiüiz. Mikro - ykdysady maglumatlar 
(kârhananyi peydasy, záhmet haklar, çykdaiylar, ve ş.m.) hepdelik, aylyk 
yygnalyandygy üçin, (yygy - Yygydan yygnalyar) bary yogy 10 yyllyk maglumaty 
ulanmak arkaly hem ekonomtriki seljeris geçirip bolar. Mysal üçin lukmanlaryn 
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aylygy baradaky yyganalan 10 yyllyk maglumatda 120 statistiki maglumat bolar 
(aylyk Yyganalan maglumat) bu bolsa seljeris üçin yeterlikdir. Maglumatlaryü 
takyklygy. dogrulygy we yygylygy, ekonometriki seljerisin netijesine örân 
düypli tásir edyándir! Amerikanyn Birleşen Statlarynyn pul emissiyasy baradaky 
maglumatlaryü 1860 - niy yyllardan bari bardygyny, Angliyanyü bolsa önümçilik 
baradaky maglumatlarynyü baryp 1700 - nji yyllardan bari yygnalyp gâlyândigini 
göz - ónüne tutup görsefüiz, Gollandiya ve Fransiya yaly dówletleriü hem baryp 
kâbir ykdysady we syyasy statistiki maglumatlarynyn 1800- nji yyllardan bâri 
yygnalyandygygyny bilseüiz, bu döwletlerii ykdysadyyetlerinin nâme üçin 
ösendigini düşündirmek gerekli bolmasa gerek. Statistiki maglumatlar, 
ykdysadçylar we alymlar üçin garafiky gijede yakylan çyra yalydyr! Statistiki 
maglumatlar bolmazdan, seljeriş etmezden edilen âdimler, edilyân reformalar, 
we her bir ykdysady ve syyasy edilen hereket, garafiy tokaya âdim âtmek 
yalydyr! Yada garafiky ummana özüli gayadan asayklygyna oklamak yalydyr! 
Statistiki maglumatlar bize, edilen âdimlerin bahbitliliginiü görkezijisi 
hökmünde uly kömek edyar. Mysal üçin, diyeli berilyân bilimiü hilini 
yokarlandyrmak üçin mugallymlaryü aylyklaryny yokarlandyrmagy amala asyrylan 
bolsun. Yöne, eger - de bilimii hilini görkezyün görkeziiiler barada 
statistiki maglumatlar bu reformadan öl we som Yygnanmadyk bolsa, onda, 
aylyklaryü yokarlanamagynyn  hakykatdanda bilimin hilinin yokarlanmagyna 
tásirini nireden biljek? Belki, bilimiü hilini yokarlandyrmak üçin beyleki 
faktorlar bilen işleşmek has ofayly netijeler bererdi? Takyk statistiki 
maglumatlar bolmazdan, bulary ekonomtriki seljerisden geçirmezden edilen her 
bir hereket edil gije garafükyda ok atmak yalydyr - nyşana degdimi ya - da 
degmedimi nireden biljek? Mysal üçin diyeli diabet keseline garşy 3 dürli 
sanjymy daşary yurtdan alynyan bolsun (import edilsin), we bularyü bahalaram 
dürli - dürli bolsun. Saglyk edaralary tarapynda bu saniymlary hassalara 
edilenden soüra, bularyü saglyk yagdaylarynyn statistiki maglumatlary eger 
yöredilmedik bolsa, bu sanymlaryn haysysynyü diabet bilen göreşmekde has 
oñaylydygyny, haysysynyü bolsa oñaysyzdygyny nireden biljek? Eger - de diabet 
hassalarynyn saglyk statistiki yagdaylarynyn iñ bolmanda 5 - 7 yyl yöredilen 
bolsady, bu saniymlaryü haysysynyü yerli hassalara has  ofayly  tásir 
edyândigini bilip bolardy, bu bolsa ofaysyz sanjymlary import etmegin yerine, 
onayly sanjymlarynyn importunyü artmagyna sebâp bolup, ençeme hassalaryn 
saglygynyn dikelmegini afladardy. Dövlet byujetinin hem has báhbitli sarp 
edilemgine getirerdi. Házirki dövürde, statistiki maglumat bolmazdan, hiç bir 
pudagyn seljerlisi mümkin dáldir ve onun statistiki maglumatlar bolmazdan 
ösüşini göz ölüne getirip bolmayar. Takyk statistiki maglumatlary bolmayan 
pudak, seljerissiz ve ölçegsiz yöreyân pudak, çölde azaşan adama meüzür. Ölüni 
yzyny tapman helâk bolar! Statistiki maglumatlaryn takyklyoy örân móhümlidir - 
sebâbi çalak - çulak yygnalan, yalüyş maglumatyü esasynda edilen seljerisin 
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netijesi yalüyşüyr we hiç hili peydasy yokdur! Çüyrân kaşir, porsan et, ve 
köne tüvüden bişirilen palawyñ süyii bolma áhtimallygy nâçedir? 


4 - nji ádim: 


Ykdysady nazaryet esasynda ele alnan meselániü matematiki modeli belli 
bolandan soüra, ve ekonometriki seljeriş üçin gerekli bolan statistiki 
maglumat yygnalandan soüra, indiki ddim, ekonometriki modeli düzmek we 
garaşsyz górkezijileriü kafisentlerini tapmak bolyar. Górkezijileriü degişli 
we iñ dogry kafisentlerini  ekonomtrikada regressiya arkaly  tapylyar. 
Regressiya seljerişi, garaşly görkezijini garaşsyz görkezijilere baglylyoyny 
olaryü ortaça belgilerini hasaplamak arkaly tapylyan usula diyilyâr. Yokarda 
geçen jemi içerki önüm bilen işsizligiü ekonometriki modelini dtizelin: 


Y — Bi t+B2X+u 


Yokarda görşüüiz yaly (Y - işsizlik, X - jemi içerki önüm), ekonometriki model 
bilen matematiki modeliü arasyndaky tapawut, “u” nabellisiniü döremegi 
boldy. Bu nabellinin ekonometrikadaky ady - yalüyşlyk tapawudy (error term, 
disturbance, residual) diyilyar (gysgaca yalüyşlyk). Bu nábelli, ekonometriki 
modelimize girmedik, yöne işsizlige tasir edyân beyleki górkezijileri afüladyar 
(mysal üçin inflyasiya, aylyklar, monopoliya we oligolopiya derejesi, ya - da 
beyleki ykdysady we maliye górkezijiler). Yagny, “yalfiyslyk” - sózüü göni 
manysynda Jemi içerki önümi hasaplamada ya - da işsizlik statistiki 
maglumatdaky goyberilen yalüyşlyk, ya - da matematiki hasplamadaky bir 
yalnyslygy aülatmayar! Bu yerdüki “yalüyşlyk” - ekonometriki modele girmedik 
ve işsizlige tasir edyán beyleki faktorlary afüladyar. Mysal üçin palaw 
bişirmek üçin gerekli azyklar bardyr:et, yag, sogan, tüvi, kásir we s.m. Eger 
- de bu azyklaryü birini ayyrsa, onda bu palav “doly” palaw bolmazda, 
“yalüyş”  palaw bolar. Diyeli kâşiri bolmasyn palawyü, bu palavy “doly” 
palaw hasap edilmegi kynrak bolar! “Doly” we “dogry” palaw bolmagy üçin, 
âhli gerekli bolan azyklaryü nahara atylmagy gerekli, islendik biriniü 
bolmazlygy palawymyzy “yalüyş” palaw eder! Islendik bir görkezijâ tásir 
edyan zat köpdür, mysal üçin işsizlige tsir edyân zatlar jemi içerki önümden 
başlap, inflyasiya derejesi, maya goyum derejesi, söwda, aylyk derejesi, 
ykdysadyyetdâki basleşigiü derejesi bularyi kâbirleridir. lü dogry 
ekonometriki modeli düzmek üçin bu  górkezijileriü  áhlisi  ekonomtriki 
modelimizde bolmalydyr. Yöne gynansakda, bu âhli gerekli maglumatlary tapmak, 
tapylan Yagdayynda - da, biziá döwrümize degişli bolanyny tapmak gaty kyn. 
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Sonuá üçinem, ekonometriki modellerde, degişli górkezijiler girizilmândigi 
üçin bu "yalüyslyk nábellisi" , “uv” hökman górkezilyár. 


5 - nji âdim: 


Regressiya netijesinde ekonometriki modelimizi düzenimizden soñra ve garaşsyz 
górkezijileriü kafisenti tapylandan sofra, (mysal üçin ekonometrik modelimiz 
Y = 9.2 — 0.24X deň bolsun, onda garaşsyz górkezijiniün kafisenti 0.24 den 
bolarl) indiki adim bu ekonometriki modeli dürli - dürli synaglardan (testing) 
gecirmekdir! Bu synaglaryn iñ esasylary: 


1. Skevness 
2. Kurtosis 
3. Jarque - Bera normality test 
4. T - test, test of significance 
5. F - test of joint significance 
6. Multicollinearity 
7. Heteroscedasticity 
8. Auto - correlation 
9. Model specification (diagnostics) 


Synaglaryü netijesinde, ekonometrik modelimizin kemçiliklerini orta 
çykarmakdyr. Hiç bir ekonometriki model mizemez dáldir, sebábi ykdysadyyetiñ 
özi hiç haçan örân durnukly bolmayar ve dovamly onayly ve ofaysyz tásirler 
sebâpli üytgáp duryar. Bu bolsa bizin ekonomtriki modelimize örân uly tásir 
edyâr. By synaglaryü netijesine ekonometriki modelimizi kemcilikleri yüze 
çykarylyar we kâbir düzedişler girizilip (transformation), ekonometriki 
modelimizi has ulanyşly we “dogry” bolmagyna getirilyâr. 


6 - niy âdim: 
Ekonometriki modelimizi synaglardan geçirip kemçilikleri tapylandan soüra we 
gerekli düzedişleri girizilenden soüra, ekonometriki modelimizi çaklama 
(prediction, forecasting) üçin ulanyp bolar. Mysal üçin işsizlik bilen jemi 
içerki önüm baglanşykly tapan ekonometrik modelimiz: 


Y = 9.2 —0.24X 


Eger bu dhli synaglardan geçen bolsa, diymek degişli yagdayda muny gelejekde 
işsizligi çaklama üçin ulanyp bolar. Diyeli eger - de Jemi Içerki önüm indiki 
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yyl 5$ ösmegine garaşylyan bolsa diymek indiki yyl işsizlik derejesi 85 
töveregi bolmagyna garaşylsa bolar, yagny: 


Y = 9.2 —0.24X 
Y -9.2—0.24:5 
Y — 800 


Ykdysadyyet ve maliye ylmy náce iemgyyetçilik ylmyna dahylly edilyánem 
bolsa, ahyrsoüy yene - de takyk ylymlaryü hataryna giryándir. Ekonometrikanyn 
döremegi munyü açyk subutnamasydyr. Ykdysadcylaryn döreden  ekonometriki 
modelleri, ykdysadyyete añ yetirmage, onuü işleyşine has hem içgin düşünmage 
getirip, syyasatçylar üçin órán uly kömek bolup duryar. Sebábi indi ykdysady 
we maliye ádimler âdilende, iñ bolmanda azda - kände belli bir hasaplamalaryn 
esasynda ádilyár. Bu bolsa, garañky gijede ok atmak yaly bolmayar! 


Ekonometrikanyn döremeginil asyl maksady, ykdysady ve maliye 
górkezijilere has gowy düşünmek, ykdysadyyeti has çuññur öwrenmek, ve amal 
etmekdir. Alynyan ykdysady ve maliye kararlaryi işleyşini gözegçilikde 
saklamak, bâhbidini ölçemek, gerekli yerinde düzedişler girizmek: bularyn 
âhlisi, ösen dövletlerde (USA, Yaponiya, Germaniya, Angliya, Sweysariya we 
beylekiler) ekonometriki selierişleriü netijesinde amala aşyrylyar. lkinii 
Jahan urşundan son has hem mövç alan ekonometriki seljerisler, 1990 - niy 
yyllarda tehnologiyanyn âgirt uly öle gidişlikleri ve matematiki seljerisiñ 
aüsatlaşmagy netijesinde has hem güyçlendi. Her yyl, ekonometriki seljerisleri 
ulanyp müülerçe ykdysadyyet we maliye movzukly ylmy işler yazylyar. Sonky 
dówürlerde emeli añ (artificial intelligence), maglumatlar ylmy (data science) 
we beyleki has hem ösen aragatnaşyk tehnologiyasyny ulanyan ylymlaryü ösmegi 
we kömegi netijesinde, gelejekde adamzadyü enták doly düsünmeyán we entâk doly 
akyl yetirip yetişmedik ylymlarynda uly sepgitlere yetiljegi ikuçsyzdyr. 
Yatdan çykarmaü, entük ummanlaryü bary Yogy 203 - i öwrenildi, astronomiya 
ylmynda entâk adamzat van  "yórjen - yörjen” tapgyrda, matematikada bolsa 
entàk açyşlaryü yaüy “başynda” , fizika ve himiya ylmynda bolsa gündelik 
edilyân açyşlar ve dóredilyán materiyallardan hem entâk yoluñ başyndalyoymyzy 
görse bolyar, lukmançylyk ylmynda enták övrenilmeli ençeme keseller, ve 
döredilmeli ençeme dermanlar bar, gysgaçasy, adamzat taryhy encemem miinyyllygy 
geçyânem bolsa, ylym dünyásinde esasy açyşlar enták ónümizde. Muña ykdysadyyet 
ylmy hem dahylly! 
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2 - NJI BÖLÜM. OLS (Ordinary Least Squares) 


Ekonometriki seljerisin iñ belli we iñ yörgünli usuly, OLS (Ordinary 
Least Squares = Yalüyşlygyü Kwadraty) usulydyr. Bu usulyü iñ yörgünli 
bolmagynyü esasy sebábi onul sadalygydyr! Bu usula has gowy düünmek üçin mysal 
bilen baslalyn. Diyeli, 1000 towukdan ybarat fermamyz bolsun ve günde bazara 
ortaça 1,000 yumurtga üpjün etmek barada telekecinin ónünde maksat goyulan 
bolsun. Aşakda (Şekil - 1), telekecinin 30 günüfü dowamynda her günki üpjün 
eden yumurtgalary berilen: 


B C D E 
Bazar üpjün edilen yumurtgalaryfi hasabaty 
Günler Üpjün edilen yumurtga Yalöyşiyk 

1 988 -12 
2 1012 12 
3 1008 8 
4 1026 26 
5 1007 7 
6 981 19 
7 990 10 
8 1012 12 
9 1022 22 
10 1009 9 
11 997 3 
12 991 9 
13 974 26 
14 1030 30 
15 1010 10 
16 1004 4 
17 992 -8 
18 968 -32 
19 1003 3 
20 1007 7 
21 1003 3 
22 993 7 
23 990 -10 
24 1007 7 
25 1002 2 
26 990 -10 
27 997 -3 
28 991 -9 
29 992 -8 
30 1004 4 


Yokarda (Şekil - 1) görünişi yaly, birinji sütünde günler, ikinji sütünde şol 
gün bazara üpjün edilen yumurtga, iiciinji sütünde bolsa maksada goyulan 
yumurtga bilen şol günki üpjün eidlen yumurtganyn tapawudy görkezilen. Mysal 
üçin 7 - nji günde bazara 990 yumurtga üpjün edilipdir ve bu maksada goyulan 

“günde 1,000” yumurtgadan 10 yumurtga az (yalüyşlyk), şonuü üçinem (-) bilen 
üçünii sütünde görkezilen. 8- nji günde bolsa 1012 yumurtga üpjün edilen ve bu 
maksada goyulandan 12 yumurtga artyk, şonuü üçinem (+) bilen üçünji sütünde 
görkezilen. Ikinji sütüniü iñ aşagynda 30 günde jemi bazara üpjün edilen 
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yumurtga görkezilen (30,000), üçünji sütüniü ahyrynda bolsa jemi göyberilen 
yalüyşlyklaryü sany (0). Eger - de 30 günde jemi 30,000 yumurtga bilen üpjün 
edilen bolsa, we jemi 30 günde bazara ne artyk, ne - de kem yumurtga üpjün 
edilmedik bolsa, diymek hiç hili yalüyşlyk goyberilmedida? Yok, bu beyle döl. 
Hat - da eger gündelik üpjün edilen yumurtga sanyna üns berseñiz, 30 günü 
içinde birje günem 1,000 yumurtga üpjün edilmedi we her gün yalüyşlyk 
goyberildi. Onda, eger - de ortaça yalnyslygy tapmak üçin jemi yalüyslygy gün 
sanyna bölmeli bolsa, ortaça yalüyşlyk hem 0 (nola) deň bolardy, yagny: 


—. _ /emi yalüyşlyk 0 — 
Ortaça yalüyşlyk — LA “un 0 


Ortaca yalüyşlygyü nola (0) deň bolmagynyü sebábi, gündelik yalüyşlyklaryü 
ofiayly (+) ve ofaysyz (-) bellikleridir! Diymek, gündelik yalüyşiyk hen 
göyberilmedidâ? Yagny, günde bazara 1,000 yumurtga üpjün edildimi? Yok, bu 
beyle dal. Alsynda, yekeje günem bazara 1,000 yumurtga üpjün edilmedi. Munyn 
çykalgasy, aşakda (Şekil - 2) görkezilen: 


B C D E F 
Bazar üpjün edilen yumurtgalaryfi hasabaty 
Günler Üpjün edilen yumurtga Yalñyslyk Yalñyslygyñ kwadraty 


1012 12 144 | 
3 1008 8 64 | 
4 1026 26 676 
5 1007 7 49 | 
6 981 -19 361 | 
7 990 -10 100 | 
8 1012 12 144 | 
9 1022 22 484 | 
10 1009 9 81 | 
11 997 3 9 | 
12 991 -9 81 | 
13 974 -26 676 | 
14 1030 30 900 | 
15 1010 10 100 | 
16 1004 4 16 | 
17 992 -8 64 
18 968 -32 1024 
19 1003 3 9 
20 1007 7 49 
21 1003 3 9 
22 993 7 49 
23 990 -10 100 
24 1007 7 49 
25 1002 2 4 
26 990 -10 100 
27 997 -3 9 
28 991 -9 81 
29 992 -8 64 
30 1004 4 16 


Yokarda (Şekil - 2) görülişi yaly, 4 - nji sütünde yalñyslyklaryñ kvadrady 
dörediledi ve sütüniü ahyrynda yalüyşlyklaryi kvadradynyü jemi alyndy (5656). 
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Indiki ddim, şol yalüyslyklaryün kwadradynyn jemini, jemi gün sanyna bölmek 
bolar, yagny: 


E 188.53 
30 ` i 


Çykan sanyň hem köküni almaly, ýagny: 
vV188.53 = 13.7 


Ortaça yalñyslyk 13 yumurtgal Yagny, günde maksada goyulandan ya 13 yumurtga 
artyk, ya - da kem bazara üpiün edilipdirl 


Indi bolsa ikinji aydaky yagdaya seredeliü, sanlar aşakda (Şekil - 3) berilen: 


B Lë D E F 
Bazar üpjün edilen yumurtgalaryñ hasabaty 
Günler Üpjün edilen yumurtga Yalñyslyk Yalñyslygyñ kwadraty 
1 997 3 9 
2 997 -3 9 
3 997 3 9 
4 997 E: 9 
5 997 -3 9 
6 997 3 9 
7 997 -3 9 
8 997 -3 9 
9 997 -3 9 
10 997 -3 9 
11 997 e, 9 
12 997 -3 9 
13 997 3 9 
14 997 -3 9 
15 997 zə 9 
16 1003 3 9 
17 1003 3 9 
18 1003 3 9 
19 1003 3 9 
20 1003 3 9 
21 1003 3 9 
22 1003 3 9 
23 1003 3 9 
24 1003 8 9 
25 1003 3 9 
26 1003 3 9 
ər 1003 3 9 
28 1003 3 9 
29 1003 3 9 
30 1003 3 9 


Yokarda (Şekil - 3) górünisi yaly, indiki ayyü birinji 15 gününde 997 
yumurtgadan (-3 yalüyşlyk, 3 yumurtga kem), galan 15 gününi bolsa 1003 
yumurtgadan (43 yalüyşlyk, 3 yumurtga artyk) üpiün edilipdir. Jemi 30 günde 
üpjün edilen yumurtga sany 30,000 deň, jemi yalüyşlygam 0 (nola) def. 4 - nji 
sütünde yalüyşiyklaryü kvadradynyü jemi görkezilen (270). Ortaca yalüyşlyoy 
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tapmak üçin yalüyşlyklaryü kwadradynyn jemini gün sanyna bölyâris we çykan 
sanyn köküni alyarys, yagny: 


2 
Ortaca yalnyslyk = 1———3 


Ortaca yalüyşlyk 3 yumurtgal Yagny, günde maksada goyulandan ya 3 Yumurtga 
artyk, ya - da kem bazara üpiün edilipdirl 


Ynha bu iki ayyñ dowamynda, haysy ayda goyulan maksada iñ yakyn yumurtga 
üpjün edildi? Ikinji ayda! Aslynda, hiç bir ayda maksat edilen “günde 1,000 
yumurtga” bilen bazar üpjün edilmedi, yöne ikinji ayda azrak yalüyslyk boldy, 
ve goyulan maksada iñ yakyn gelindi. Ekonometriki selierişifi OLS usuly, ynha 
bu logikany ulanyar, Yagny: ekonometriki modelleriü iñ az Yalüyş edeni, if 
dogrusyna yakynydyr! 


Aşakda' Hindisatanyii oba yerlerinde yerleşyân 55 hojalygyñ gündelik jemi 
çykdaiysy bilen azyk çykdaiy sanlary berilen: 


TABLE 2.8 Food and Total Expenditure (Rupees) 


Food Total Food Total 
Observation Expenditure Expenditure Observation Expenditure Expenditure 
1 217.0000 382.0000 29 390.0000 655.0000 
196.0000 388.0000 30 385.0000 662.0000 
3 303.0000 391.0000 31 470.0000 663.0000 
4 270.0000 415.0000 32 322.0000 677.0000 
5 325.0000 456.0000 33 540.0000 680.0000 
6 260.0000 460.0000 34 433.0000 690.0000 
7 300.0000 472.0000 25 295.0000 695.0000 
8 325.0000 478.0000 36 340.0000 695.0000 
9 336.0000 494.0000 37 500.0000 695.0000 
10 345.0000 516.0000 38 450.0000 720.0000 
11 325.0000 525.0000 39 415.0000 721.0000 
12 362.0000 554.0000 40 540.0000 730.0000 
iz 315.0000 575.0000 41 360.0000 731.0000 
14 355.0000 579.0000 42 450.0000 733.0000 
15 325.0000 585.0000 43 395.0000 745.0000 
16 370.0000 586.0000 44 430.0000 751.0000 
17 390.0000 590.0000 45 332.0000 752.0000 
18 420.0000 608.0000 46 397.0000 752.0000 
19 410.0000 610.0000 47 446.0000 769.0000 
20 383.0000 616.0000 48 480.0000 773.0000 
21 315.0000 618.0000 49 352.0000 773.0000 
22 267.0000 623.0000 50 410.0000 775.0000 
23 420.0000 627.0000 51 380.0000 785.0000 
24 300.0000 630.0000 52 610.0000 788.0000 
25 410.0000 635.0000 53 530.0000 790.0000 
26 220.0000 640.0000 54 360.0000 795.0000 
2r 403.0000 648.0000 55 305.0000 801.0000 
28 350.0000 650.0000 


Source: Chandan Mukherjee, Howard White, and Marc Wuyts, Econometrics and Data Analysis for Developing Countries, Routledge, New York, 1998, p. 457. 


"Basic Econometrics" , Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 52 
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Yküysadçy Hindistanyn oba yerlerindâki yaşayiylarynyi gündelik çykdaiylary (X) 
bilen azyk çykdaiylarynyü (Y) arasyndaky gatnaşyklara takyklyk getirmek 
isleyir. Jemi çykdaiy bilen azyk çykdaiylarynyü arasyndaky  gatnasygy 
matematiki usulda şeyle diyip górkezyár: 


Y = ğı + 62X 


Azyk çykdaiylarynyü, dine şol günki jemi cykdajylaryü dâlde, eysem beyleki 
cykdajylara - da baglydyay üçin (mysal üçin azyk bahalarynyü 
düşmegi/yokarlanmagy), ekonometrik modelini şeyle górkezyár: 


Y; = By + B2Xi + ui 

Bu ekonometrik modeldáki "uv , modele girmedik azyk çykdaiylaryna tásir edyân 
beyleki faktorlary afladyar. Ekonometrik modelimize her bir görkezijini 
aşagyna we yalüyşlygymyzyü aşagyna goşulan “i” belgisi bolsa, her bir bagly 
görkezilinil öz garaşsyz  górkezijisiniá bardygyny ve şola layyk hem 
yalüyşlygynyü bardygyny afüladyar. Yagny, her bir statistiki maglumatyü öz 
yerinin (yylynyü) bardygyny aüladyar. Jemi çykdaiylar ve azyk çykdaiylarynyü 
baglanysygyny/gatnasygyny takykylasdyrmak üçin kafisentleri (f,,2,) tapmaly. 
Yöne, şeyle bir kafisentler tapylmaly welin, meniü “uu” (yalüyslygym) iñ 
az/kiçi bolmaly. Bu náhili mümkin bolar? Matematikada, islendik funksiyanyl iñ 
kiçi/iñ uly nokadyny tapmak üçin, onuü önümini alyp nola defüemeli we denlemani 
cózmeli! Muña matematikada First Order Condition? diyilyürl Ekonometriki 
modelimizi şeyle yazalyn: 


Y; — By — Bı Xi = ui 


Onaysyz  (-)  yalüysyklaryá, ofayly  yalüyslykary  ayyryandygyny yatdan 
cykarmalyn, munyü üçin yalnyslyklaryn kvadradyny almak gerekli, yagny: 


(Y, — By — B;X))? = u^ 


Âhli ýalňyşlyklaryň jemini tapmak üçin: 


20 — By — B2X;)? = 265 


” For finding maxima or minima (critical) points of any function f(x), f(x) = 0, First Order Condition. 
In order to find out if any function has minima or maxima, we use Second Order Condition, thus, function 
has minima if f”(x) > 0, and function has maxima if f"(x)«0 
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Bize iñ kiçi yalnyslygy bolan model gerekli 
(minY u?;) şonuf üçinem First Order Condition ulanyarys, Yagny: 


(Y, — 5: — B2X;) -Z 


ER 
OB, 


ER 
0p; 


-0-2Z(-1) 


Deülemeleri çözmegiü netijesinde káfisentleri tapyp bolyar, yagny: 
Bi-Y-fiX 


_ X(X; - X)((Y; - Y) 
> XX; - X)? 


D 


Yokardaky deňlemede (6,,62) iŭ dogry parameterler/kafisentler (fitted 
estimators) diymegi afiladyar! Yagny, matematiki usul bilen tapylan kafisentler 
diyemkdir. (X,Y) görkezijileril ortaça belgisini afiladyar. OLS usuly bilen, 
yagny yalüyşlyklaryü kwadradynyü jemini tapyp, munyü hem minima nokadyny 
tapmak üçin kafisentlere önümini almak arkaly iñ dogry kafisentleri tapylan 
ekonometriki model, biziü seljerişlerimiz üçin iñ amatly ve hakykata/dogra iñ 
yakyn ekonometriki modeldir! Aşakda (Şekil - 4) Hindistanyü obalarynda yaşayan 
yerli halkyü jemi çykdaiy bilen azyk çykdaiylarynyü (statistiki maglumaty 
yokarda berilen) ekonometriki modelini tapmak üçin degişli hasaplamalar 
görkezilen: 
Şekil - 4 


- f| -G7"H7 

n B [e D E F G H l 

[Observations Food expenditure (Y) [Total expenditure (X) | Ortaça Y Ortaça X Y - ortaça Y X - ortaça X | (X - ortaça X)kvvadrady | [Y - ortaça Y)*(X - ortaça X) 
1 217 382 373.3454545 639.0363636 -156.3454545 -257.0363636 66067.69223 40186.46711 

196 388 -177.3454545 -251.0363636 63019.25587 44520.15802 

3 303 391 -70.34545455 -248.0363636 61522.03769 17448.23074 
4 270 415 -103.3454545 -224.0363636 50192.29223 23153.13983 
5 325 456 -48.34545455 -183.0363636 33502.31041 8848.976198 
6 260 460 -113.3454545 -179.0363636 32054.0195İ 20292.95802İ 
7 300 472 -73.34545455 -167.0363636 27901.14678 12251.35802 
8 325 478 -48.34545455 -161.0363636 25932.71041 7785.376198 
9 336 494 -37.34545455 -145.0363636 21035.54678 5416.448926 
10 345 516 -28.34545455 -123.0363636 15137.94678 3487.521653 
11 325 525 -48.34545455 -114.0363636 13004.29223 5513.139835 
12 362 554 -11.34545455 -85.03636364 7231.18314 964.7761983 
13 315 575 -58.34545455 -64.03636364 4100.655868 3736.230744 
14 355 579 -18.34545455 -60.03636364 3604.364959 1101.39438 
15 325 585 -48.34545455 -54.03636364 2919.928595 2612.412562 
16 370 586 -3.345454545 -53.03636364 2812.855868 177.4307438 


1/90. a —90 Hİ al 16.65454545 . -49.03636364 2404.564959 -816.6783471 . 
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Aşakda (Şekil - 5) statistiki hasaplamalaryü soülary berilen: 1 - nji sütünde 
(B) alnan maglumatlaryñ sanavy berilen. 2 - nji sütünde (C) her bir hojalygyñ 
gündelik azyk çykdaiylary görkezilen. 3 - nji sütünde (D) her bir hoialyoyü 
gündelik jemi çykdaiysy berilen. 


. 
Şekil - 5 
£ | =SUM(J2:56) 

B c D E F G H i LS 
42 450 733 76.65454545 93.96363636 8829.164959 7202.739835 | 

43 395 745 21.65454545 105.9636364 11228.29223 2294.59438 

44 430 751 56.65454545 111.9636364 12535.85587 6343.248926 

45 332 752 -41.34545455 112.9636364 12760.78314 -4670.532893 

46 397 752 23.65454545 112.9636364 12760.78314 2672.103471 

47 446 769 72.65454545 129.9636364 16890.54678 9442.448926 

48 480 773 106.6545455 133.9636364 17946.25587 14287.83074 

49 352 773 -21.34545455 133.9636364 17946.25587 -2859.514711 

50 410 775 36.65454545 135.9636364 18486.11041 4983.685289 

54 380 785 6.654545455 145.9636364 21305.38314 971.3216529 

52 610 788 236.6545455 148.9636364 22190.16496 35252.92165 

53 530 790 156.6545455 150.9636364 22790.0195 23649.13983 

54 360 795 -13.34545455 155.9636364 24324.65587 -2081.40562 

55 305 801 -68.34545455 161.9636364 26232.2195 -11069.47835 

Observations Food expenditure (Y) Total expenditure (X) Ortaca Y Ortaca X Y - ortaca Y X-ortacaX | (X-ortaca X)kwadrady | (Y - ortaça Y)*(X - ortaça X) 

| 


4 - nji (E) we 5 - nji (F) sütünlerde (Sekil - 4) gündelik ortaca azyk 
cykdajysy we jemi cykdajysy berilen, bularyn tapylysy: 


emi azyk cykdaj 
Ortaça azyk cykdajy — mee = 373.34 
emi cykdaj 
Ortaca jemi cykdajy = ome = 639 


6 - niy sütünde (G) her bir hojalygyü gündelik azyk çykdaiysy bilen ortaça 
azyk çykdaiyü tapawudy górkezilen. 7 - nji sütünde (H) her bir hojalygyñ 
gündelik çykdaiysy bilen ortaça çykdaiynyü tapavudy görkezilen. 8 - nii 
sütünde (I) her bir hojalygyñ azyk çykdaiysy bilen ortaça azyk cykdajynyi 
tapawudynyñ kvadrady görkezilen. 9 - niy sütünde (J) her bir hojalygyñ 
gündelik azyk çykdaiy bilen ortaça azyk çykdaiynyü tapawudyny we her bir 
hojalygyn gündelik  cykdajysy bilen ortaça jemi çykdaiynyü tapawudynyn 
köpeltmek hasyly görkezilen. Aşakda (Şekil - 5) 8 - nji we 9 - niy sütünleriü 
jemleri görkezilen. OLS usuly boyunça iñ dogry kafisentleri tapmak üçin, 
yekeje garaşsyz górkezijisi bolan ekonometrik modeller üçin yokarde geçen 
formulamyzy ulanalyn, yagny: 


hy = XQ; - X)(; — Y) 
s LO, — X»? 
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2.0 — Em, — Y) = 3182693 


2.0 — Xy? = 728623.9 


Onda: 


. X0u;-X)v;-Y) 3182693 
A A “—--0436 
V(X; — EI 728269.9 


Dowam edyáris: 
Bı =Y- BX 
Y = 373.34; X = 639; Ó, = 0.436 
ñ, = 373.34 — (0.436)(639) = 94.2 
Onda, bizi ekonometriki modelimizi şeyle bolyar: 
Y, = 94.2 + 0.436X, 


Tapylan f, — 94.2 ve 6, = 0.436 iñ dogry paremeterler/kafisentler diyilyâr, 
sebâbi şol kafisentler netijesinde ekonometriki modelimizin Yyalüyşlyoynyü 
kwadrady (RSS - residual sum of squares) iñ kiçi bolyar. Yokarda - da bellâp 
gecisimiz yaly, hakyky ekonometriki model yokdur! Yagny, hiç bir Yalüyşlyoy 
bolmayan ekonometriki model yok, dhli ekonometrik modeller yalüyşly, sonun 
üçinem, biz, yalfyslygy, has dogrusy yalüyşlyklarynyü kwadrady iñ kiçi bolan 
modeli saylap alyarys. OLS usuly biz şol yalüyşlyklaryü kwadradyny (RSS) iñ 
kiçi etjek kafisentleri tapyarys. Eysem - de yalüyşlyk name? What is residual? 
Yalüyşlyk, bu  biziü  caklamamyz bilen, hakyky statistiki maglumatyü 
tapawudydyr! Yagny: 


Mysal üçin (Şekil - 5) 1 - nji süyündüki 50 sanawdaky Y - 410 we X - 775 def, 
onda, ilki bilen ekonometriki modelimizi ulanyp biziü çaklamamymyz Y (fitted) 
tapalyn, yagny: 

Y, = 94.2 + 0.436X, 


Yeo = 94.2 + 0.436X5, 
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Yeo = 94.2 + 0.436(775) = 432.7 


Indiki adim, hakyky statistiki maglumat bilen çaklamamyzyñ tapawudyny alyp, 
yalnyslygy hasaplalyn, yagny: 


Y, — 


CS 
I 
£ 


Ys Yeo = Uso 
410 — 432.7 = —22.7 


Şekil - 6 


1 217 382 373.3454545 639.0363636 -156.3454545 -257.0363636 66067.69223 40186.46711 261.069721 -44.06972107 1942.140315 


l 196 388 -177.3454545 -251.0363636 63019.25587 44520.15802 263.690574 -67.69057358 4582.013752 
EH : 303 391 "7034545455 -248.0363636 61522.03769 1744823074 o 265001[ ^ 3799900016) 1443.924013 
i 4 270 415 103.3454545 -224.0363636 50192.29223 23153.3983 — 27548441 5484409915 30.07875211 
i 5 325 456 48.34545455 -183.0363636 33502.31041 8848.976198 293.393569 3160643121 998.9664939 
! 6 260 460 113.3454545 -179.0363636 32054.0195 20292.95802 295.140804 35.1408038 1234.876092 
| 7 300 472 -73.34545455 -167.0363636 27901.14678 12251.35802 300.382509 0.382508837 0.14631301 
' 8 325 478 -48.34545455 -161.0363636 25932.71041 7785.376198 303.003361 21.99663865 483.8521117 
D 9 336 494 -37.34545455 -145.0363636 21035.54678 5416448926 309.992301 26.0076986 676.4003863 
1) 10 345 516 -2834545455 -123.0363636 15137.94678 3487.521653 319.602094 25.39790603 645.0536307 
2011 325 525 -4834545455 -114.0363636 13004.29223 5513.139835 323533373 1466627253 2.1509955 
3| n 362 554 -11.44545455 -85.03636364 723118314 964.7761983 336.200827 2579917342 665.5973489 
4 in 315 575 -58.34545455 -64.03636364 4100.655868 3736230744 345.37381 -30.3738104 922.5683581 
5 14 355 579 -18.34545455 -60.03636364 3604.364959 1101.39438 347.121045 7.87895459 62.07792544 
6 15 325 585 48.34545455 -54.03636364 2919.928595 2612412562 349.741898 24.74189793 612.1615131 
T 16 370 586 3345454545 -53.03636364 2812.855868 177.4307438 350.178707 19.82129332 392.8836688 
8 16.65454545 -49.03636364 2404.564959 816.6783471 351.925942 38.07405831 1449.633916 


Yokarda (Şekil - 6) 10 - niy sütünde her bir hojalylygyñ jemi çykdaiysy üçin 
çaklama azyk cykdajysy (predicted food expenditure Y) görkezilen. ll - nji 
sütünde bolsa çaklamanyü yalüyşlygy görkezilen (u residual). 12 - nji sütünde 
bolsa yalüyşlygyü kwadrady alnan (ofiaysyz we ofayly yalüyşlyklaryü tásirini 
ayyrmak ücin). 

Sekil - 7 


43 42 450 733 76.65454545 93.96363636 8829.164959 7202.739835 414.389593 35.61040663 1268.10106 
44 43 395 745 21.65454545 105.9636364 11228.29223 2294.59438 419.631298 -24.63129841 606.7008614 
45 44 430 751 56.65454545 111.9636364 12535.85587 6343.248926 422.252151 7.747849071 60.02916523 
46 45 332 752 -41.34545455 112.9636364 12760.78314 -4670.532893 422.68896 -90.68895968 8224.487408 
47 46 397 752 23.65454545 112.9636364 12760.78314 2672.103471  422.68896 -25.68895968 659.9226495 
48 47 446 769 72.65454545 129.9636364 16890.54678 9442.448926 430.114708 15.88529152 252.3424866 
49 48 480 773 106.6545455 133.9636364 17946.25587 14287.83074 431.861943 48.1380565 2317.272484 
50 49 352 773 -21.34545455  133.9636364 17946.25587 -2859.514711 431.861943 -79.8619435 6377.930019 
52 51 380 785 6.654545455 145.9636364 21305.38314 971.3216529 437.103649 -57.10364853 3260.826676 
53 52 610 788 236.6545455 148.9636364 22190.16496 35252.92165 438.414075 171.5859252 29441.72973 
54 53 530 790 156.6545455 150.9636364 22790.0195 23649.13983 439.287692 90.7123077 8228.722769 
55 54 360 795 -13.34545455 155.9636364 24324.65587 -2081.40562 441.471736 -81.47173606 6637.643777 
56 55 305 801 -68.34545455  161.9636364 26232.2195 -11069.47835 444.092589 -139.0925886 19346.7482 


Observations Food expenditure (YİTotal expenditure (x) | Ortaşay |  OrtaçaX | v-ortagaY | X-ortaça X | (X- ortaca Xikvvadrady | (Y - ortaça Y)"(X -ortaça X) | Çaklama Y  jalàyslyk, u (residual) Yalñyslyklaryñ kwadrady (RSS) 


emi RSs 236893.6163 


Yokarda (Şekil - 7) görşüliz yaly, 50 - nji sanavdaky (pyrtykal reňk bilen 
görkezilen) hojalygyü gündelik azyk çykdaiysy 410 Rupiya deň ve gündelik jemi 
cykdajysy 775 Rupiya deň. Çaklama azyk cykdajymyz ekonometriki seljerişimizil 
netijesinde 432.7 Rupiya boldy ve bu, hakyky statistiki maglumatdan 22.7 
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Rupiya tapavutly, yagny yalüyşlyk 22.7 Rupiya deň. Sag aşak çüfikde (gök refik 
bilen görkezilen)  yalüyşlyklaryü kvadradynyü jemi görkezilen (RSS = 
236893.61). 


Indiki etjek zadymyz bolsa, OLS usuly bilen tapan kafisentlerimizin 
fı — 94.2 ve 6, — 0.436 if dogrylygyny subut edeliñ. Yagny, şulardan başga 
islendik kâfisent  biziü ekonometrik modelimiziü RSS  (yalüyslyklaryiü 
kwadradynyü jemi) ulaldardy. Yalüyşlyk nace kiçi bolsa, ekonometrik modelimizi 
şonçada efektiv ve çaklama güyjünin yokarydygyny afüladar. OLS kafisentlerin iñ 
dogry kafisentdigini subut etmek üçin, munyü yerine başga kafisentleri goyup 
RSS barlap görelii. Eger - de RSS ulalsa, diymek OLS usuly bilen tapylan 
kafisentlerimiz iñ dogry! Táze kafisentlerimiz şu bolsun: 


a, = 94 Kë — 0.4 


Indiki ádimimiz bolsa, táze kafisentleri ulanyp her bir hojalyk üçin çaklama 
aüyk cykdajylaryny çykaralyü, mysal üçin 50 - nji hojalygyü çaklama azyk 
cykdajysynyü we yalnyslygynyn tapylysy: 


Y; = à, + á; X; 
Y; = 94  0.4X, 
Kan = 94 + 0.4Xə0 
Yeo = 94 + 0.4(775) = 404 
Sekil - 8 


T İk -SUM(H2:H57) 
42 450 733 387.2 62.8 3943.84 


43 395 745 392.0 3.0 9 
44 430 751 394.4 35.6 1267.36 


55 305 801 414.4 -109.4 11968.36 


Food expenditure (Y) Total expenditure (X) İÇaklamaY Y (a1-0.94, a2-0.4) Yaliyşlyk (U) Yalñyslygyñ kwadrady 
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Yokarda (Şekil - 8) 1,2 ve 3 - nji sütünler üytgemedi, 4 - nji sütün tâze 
kafisentlerimiz bilen tapylan her hojalyk üçin çaklama azyk çykdaiylary 
hasaplanyldy. 5 - nji sütünde her bir caklamanyn göyberen yalüyşlyoy, 6 - niy 
sütünde bolsa yalüyşlyklaryü kvadrady görkezilen. Sag aşak tarapda bolsa, 
yalüyşlyklaryü kvadradynyü jemi (RSS) görkezilen (268854.4). OLS usuly bilen 
tapylan parameterleri ulanamyzda ekonometriki modelimizin RSS = 236893.6 
çykypdy, bu bolse yekeje zady aüladyar: táze kafisentlerimizi ulanyp emele 
getiren ekonometriki modelimiz has kóprák yalüyşlyk göyberyar, OLS usuly bilen 
tapan kafisentlerimiz iñ dogrusyl 


Yene - de kafisent goyup barlap görelil, diyeli indiki  tàze 
kafisentlerimiz şu bolsun: 
dı = 94.2 d, = 0.43 


Indiki ádimimiz bolsa, táze kafisentleri ulanyp her bir hojalyk üçin çaklama 
aüyk cykdajylaryny çykaralyü, mysal üçin 50 - nji hojalygyü çaklama azyk 
cykdajysynyü we yalnyslygynyn tapylysy: 


A A 


Y; = d, + d, X, 
Y; = 94.2 + 0.43X; 
Yeo = 94.2 + 0.43X sg 
Yeo = 94.2 + 0.43(775) = 427.45 
Sekil - 9 


Font 
fe 
B C D E F G H 
39 415 721 404.2 10.8 115.9929 
40 540 730 408.1 131.9 17397.61 
41 360 731 408.5 -48.5 2355.1609 
42 450 733 409.4 40.6 1649.1721 
43 395 745 414.6 -19.6 382.2025 
44 430 751 417.1 12.9 165.6369 
45 332 752 417.6 -85.6 7320.5136 
46 397 752 417.6 -20.6 422.7136 
47 446 769 424.9 21.1 446.4769 
48 480 773 426.6 53.4 2852.6281 
49 352 773 426.6 -74.6 5563.6681 


51 380 785 431.8 -51.8 2678.0625 
52 610 788 433.0 177.0 31314.8416 
53 530 790 433.9 96.1 9235.21 
54 360 795 436.1 -76.1 5783.6025 
55 305 801 438.6 -133.6 17856.9769 
Observations |Food expenditure (Y) Total expenditure (X) (| Çaklama Y (a1-0.94, a2-0.4) Yaliyşiyk (U) Yalñyslygyñ kwadrady 
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Yokarda (Şekil - 9) 1,2 ve 3 - nji sütünler üytgemedi, 4 - nji sütün tâze 
kafisentlerimiz bilen tapylan her hojalyk üçin çaklama azyk çykdaiylary 
hasaplanyldy. 5 - nji sütünde her bir caklamanyn göyberen yalüyşlyoy, 6 - niy 
sütünde bolsa yalüyşlyklaryü kvadrady görkezilen. Sag aşak tarapda bolsa, 
yalüyşlyklaryü kvadradynyü jemi (RSS) görkezilen (237972.8). OLS usuly bilen 
tapylan parameterleri ulanamyzda ekonometriki modelimizin RSS = 236893.6 
çykypdy. bu bolse yekeje zady aüladyar: táze kafisentlerimizi ulanyp emele 
getiren ekonometriki modelimiz has kóprák yalfiyslyk gófberyár, OLS usuly bilen 
tapan kafisentlerimiz iñ dogrusyl 


4 Bir gün menden soradylar: 

Í - Sporty ösdürmek üçin name etmeli? 
- Bazar ykdysadyyetini ósdürmeli! 

-  Ylymy ösdürmek üçin name etmeli? 
- Bazar ykdysadyyetini ösdürmeli! 
-  Kotrrupsiyany ayyrmak üçin name etmeli? 

- Bazar ykdysadyyetini ösdürmelil 

- Byurokratiyany azaltmak üçin name etmeli? 
- Bazar ykdysadyyetini ósdürmeli! 

-  Ykdysadyyeti ösdürmek üçin name etmeli? 
- Bazar ykdysadyyetini ósdürmeli! 


Bazar ykdysadyyetinin 3 sütüni bardyr: 1 — Baslesik, 2 — Bahalatyü talap we 
üpjünçilik esasynda emele gelmegi, 3 — Gözegçilik. Bâsleşige rugsta bermek diymek, 
bazaty her kime, her bir telekeçâ açmak diymekdirl Basleşik esasynda yiti telekeçiler 
emele geler, önümin we hyzmatyn hili yokarlanar, bahalar aşakda bolar! Basleşik 
yitileri we ökdeleri öne cykaryar, yaltalary bolsa bazardan cykaryar. Bâsleşige rugsat 
bermek diymek, ygtyyarnamalary, rugsatnamalary we patentleri afsatlaşdyrmak 
diymekdir. Goy her kim öndürsin, goy her kim girsin söwda we hyzmata. Bâsleşik 
bolmadyk yerinde ösüş bolmaz! Oniimeiligifi we hyzmatyi (derman önümçiliginden 
başlap, yokary okuwlara çenli) ahli görnüşleri hususy telekeçilige açyk bolmaly, 
sonda korrupsiyada yiter, byurokratiyada yiter, ylymyň, sportuň, önümiü we 
hyzmatyi hili hem yokarlanarl Önümlerin we hyzmatlaryñ bahalaryny hem bazaryň 
özi kesgitlemeli, sonda has adalatly bolar. Bazarda monopoliya, oligolopoliya 
döremez yaly, önümlerin düzümine gadagan zatlar goşulmaz yaly, hyzmatlaryn bi- 
kanun bolmazlygy üçin, salgytlaryn we paçlatyü wagtynda we adalatly yygnalmagy 
üçin bazar ykdysadyyetinin doly we dogry işlemegi üçin döwlet gözegçiligi 
hökmanydyrl Berk we adalatly döwlet gözegçiligi ykdysadyyetin ösmegine we 
| güllemegine elter, eger dówlet gözegçiligi dogry işlemese, bay — garyp tapawudy artar | 
\ we ykdysadyyetin çökmegine getirerl Ösüşiň acary - bazar ykdysadyyetiniti dogry d 
Ñ oturdylysyndadyt! y 
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Şekil - 10 


Yokarda (Şekil - 10) gorizontal (x - axis) sanlar (300,400,500,...) jemi 
cykdajyny  aüladyar, vertikal (dikligine) sanlar  (150,200,250,...) azyk 
çykdaiylayny afüladyar. Jemi 55 hojalygyñ maglumaty bar. Gök nokatlar: hakyky 
azyk cykdajysyny górkezyár, ak nokatlar:ekonometriki modelimiziñ çaklamasyny 
görkezyâr. Mysal üçin çepden 1 - nji ak nokat bilen gök nokady alyp górelii, 
görşüüiz yaly: gök nokat ak nokadyñ aşagynda yerleşyâr! Munyn sebábi 1 - nji 
gök nokat hakyky azyk çykdaiy Yygnalan maglumat (217), 1 - nii ak nokat bolsa 
bizin hasaplap tapan çaklama azyk cykdajymyz (261). Bu ikisinifli tapawudyna, 
yalüyşlyk (residual) diyilyâr! 1 - nji ak nokat bilen gök nokadyü tapawudy -44 
den (yalüyşlyk). Çaklama nokatlarymyzyü yerleşişi göni çyzyga meňzemesiniň 
esasy sebâbi, OLS usulynyü (linear algebra) çyzykly algebra matematika 
metoduny ulanmagydyr! (Linear algebra) çyzykly algebrada, iki nokady bir 
çyzygyü üstünde görkezip  bolyandygyny barada  düsünje, OLS usulynda 
garaşly/bagly görkeziji bilen garaşsyz górkezijileri bir çyzygyü üstünde 
(gatnaşyklaryny matematiki usulda) görkezip bolar logigasyny ulanmaga 
matematiki esas bolup duryar. Şonuü üçinem, OLS usuly bilen tapylan 
caklamalarymyz (çaklama garassyz/bagly görkeziji) grafikde göni çyzyoyü 
üstünde duran nokatlary yatladar. 


OLS ulanmagyn şertleri! 


Yokarda görşülüiz yaly, OLS usuly bilen tapylan kafisentler, bizin 
ekonometrik modelimizin in az yalüyşlyklary bolmagyna ve ekonometrik 
modelimiziá hakykata yakyn çaklamalar çykarmagyna getiryâr. Yöne, OLS usulyny 
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ulanmagyü hem öz şertleri bardyr (Bu gşertleriü öhlisini kitabyü galan 
bölümlerinde içgin övrenyaris, şu wagtlykca, bu şertleri yöne belláp goymak 
yeterlikdir! ). 


Ki 
Ze 


Garaşly ve garaşsyz görkezijileriň arasynda baglanyşyk/gatnaşyk islendik 
matematiki görnüşde bolup biler (logarithmic, cubic, quadratic, linear, 
exponential, etc.) yöne OLS usulyny ulanmak üçin bularyü dühlisiniü 
kafisenti/parameteri çyzykly (linear) bolmaly, Yagny derejesi 1 - e deñ 
bolmaly. Mysal üçin: 


Y, = ñ, + B,X?; — B,logR; — B, VN + ü; (OLS sertine layyk) 
- 22 20242 . 2 2 
Y; = fı +P, Xi +; (OLS şertine layyk dal) 


Ekonometriki modeldâki garaşsyz görkeziji/ler bilen yalüyşlygyü arasynda 
baglanyşyk yokdur!  Ekonometriki modeldàki yalfyslyk (u), garaşly 
górkezijá tasir edyân yöne belli bir sebapden ekonometriki modele 
girmedik górkezijileri/faktorlary afüladyar. Yagny: 


cov(X;,u;j) = 0 


Yalüyslyklaryn kábiri oñayly (+) kábirleri bolsa ofaysyz (-) belgilidi, 
OLS usulynyü 3 - nji şerti ynha bu yalnyslyklaryn ortaça bahasynyü nola 
(0) den bolmagydyr. 


Yalüyşlyklaryü, çaklamalaryü tówereginde (ya - da çaklamalar çyzyoynyü 
tövereginde) deň derejede “syçrama”  sertidir. Muña, ekonometrikidi 
dilde “homoscedasticity” diyilyâr. Tersine, yalüyşlyklaryü çaklamalaryü 
tövereginde dei derejede “syçramadyk” bolsa, muña 

“heteroscedasticity” diyilyâr. Matematiki usulda bu şeyle görkezilyür: 


var(u,) = o? 
Yalüyşlyklaryü bir - birlerine hiç hili bagly dâldigini, yagny, 
yalüyşlyklaryü arasynda bag yoklugy şertidir! Eger yalnyslyklaryn 
arasynda baglanyşyk bar bolsa, muña ekonometrikada 
“autocorrelation” diyilyür. Yagny: 


cov(u;, uj) = 0 


Statistiki maglumat sany (Data sample) ekonometriki modelde ulanylan 
garaşsyz górkezijileriü sanyndan köp bolma şerti. 
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Bu sertlerin biriniü bozulmagy, bizin OLS usulymyz ulanmak arkaly tapan 
kafisentlerimizin iñ dogry bolma áhtimallygyny düsüryár, ve bu bolsa iñ dogra 
yakyn ekonometrik model emele getirendigimize iñ azyndan uly şübhe döreder. 


30 


31 


3 - NJI BÖLÜM. REGRESSIYA 


Garaşly/bagly görkeziji yekeje görkezijâ bagly bolup bilyâr (two 
variable regression - one dependent and one independent) , Ya - da ençeme 
garaşsyz görkezijilere bagly bolup bilyâr (multiple variable regression - one 
dependent variable and many independent variables). Mysal üçin pomidoruü 
talaby, dile pomidoruü bahasyna dal, eysemde alyiylaryü girdejisine, olaryn 
hásiyetine,  pomidory halap -  halamayanlygyna ve yene - de  basgada 
górkezijilere bagly bolup bilyâr. Yöne biz, pomidoruü talap funksiyasyny 
düzemizde, pomidorun talap edilyán mukdary dine pomidorun bahasyna bagly edip 
górkezyáris, beyleki górkezijileri name üçin funksiya salamyzok? Munyü ençeme 
sebâbi bar: ilki bilen pomidoruü talaby “esasy onufi bahasyna bagly bolup 
duryar, yagny beyleki górkezijilere baglylygy örân govşak, şonuü üçinem 
ykdysadçylar talap funkisyasyna diñe şol önümiü bahasyny goymak arkaly işini 
yeüillesdirdigi bolyar. Ilki bilen yekeje garaşsyz górkezijili regressiyany 
görkezmekçi, ondan son birnáce garaşsyz górkezijili ekonometriki modellerin 
regressiyasyna geçeris. 


YEKEJE GARASSYZ GÜRKEZIJILI REGRESSIYA 


Asakda (Şekil - 1) 1974 - 2006 - niy yyllaryn arasynda ABS - daky Altyn 
Bahasy (Gold Price), Alyiylaryü Baha Indeksi (CPI) we New York Gymmatly 
Kagyzlar Birjasynyi Indeksi (1,500 - den gowrak karhananyn paynamalarynyü 
ortaça bahalary, NYSE Index) berilen”. Alyiylaryü Baha Indeksi ykdysadyyet 
ylmynda inflyasiyany hasaplamak ücin ulanylyar, we hat - da seljerislerde 
inflyasiyanyl yerine, inflyasiyanyn górkezijisi hökmünde ulanylyan halatlary 
hem az duş gelenok. Altyna we kárhanalaryá paynamalaryna maya goyumyü iñ 
yönekey sebaübi, “inflyasiya garşy goranyş” diyip hasap edilyâr. 
Inflyasiyanyn yokarlanmagy, puluü ve siiysiirintgilerin hiimmedinin gacmagyny 
aüladyar. Siiysiirintgilerin hümmedi gacmaz yaly, maya goyujylar iñ azyndan 
mayalarynyi belli bir bölegini altyna ve kârhanalaryi  paynamalaryna 
“öwüryârler” , şeytmek bilen, iñ azyndan inflyasiyanyü oñaysyz netijesinden 
gorandyklary bolyar. Inflyasiya bilen altynyü bahasy arasynda, ve inflyasiya 
bilen paynamalaryá bahasynyü arasynda nâhili baglanyşyk bardygyny ykdysadcy 
OLS usulyny ulanmak arkaly ekonometriki seljerisi geçirmek isleyür. Yagny: 


Gold Price, = f, + B(CPD, + u, 


? Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 90 
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NYSE Index, = B, + Ö,(CPI), + u, 


Sekil - 1 

TABLE 3.7 z 

Gold Prices, New Year Gold Price NYSE CPI 

York Stock Exchange 1974 159.2600 463.5400 49.30000 

Index, and Consumer 1975 161.0200 483.5500 53.80000 

P'O dər US 1976 124.8400 575.8500 56.90000 

for 1974-2006 1977 157.7100 567.6600 60.60000 
1978 193.2200 567.8100 65.20000 
1979 306.6800 616.6800 72.60000 
1980 612.5600 720.1500 82.40000 
1981 460.0300 782.6200 90.90000 
1982 375.6700 728.8400 96.50000 
1983 424.3500 979.5200 99.60000 
1984 360.4800 977.3300 103.9000 
1985 317.2600 1142.970 107.6000 
1986 367.6600 1438.020 109.6000 
1987 446.4600 1709.790 113.6000 
1988 436.9400 1585.140 118.3000 
1989 381.4400 1903.360 124.0000 
1990 383.5100 1939.470 130.7000 
1991 362.1100 2181.720 136.2000 
1992 343.8200 2421.510 140.3000 
1993 359.7700 2638.960 144.5000 
1994 384.0000 2687.020 148.2000 
1995 384.1700 3078.560 152.4000 
1996 387.7700 3787.200 156.9000 
1997 331.0200 4827.350 160.5000 
1998 294.2400 5818.260 163.0000 
1999 278.8800 6546.810 166.6000 
2000 279.1100 6805.890 172.2000 
2001 274.0400 6397.850 177.1000 
2002 309.7300 5578.890 179.9000 
2003 363.3800 5447.460 184.0000 
2004 409.7200 6612.620 188.9000 
2005 444.7400 7349.000 195.3000 
2006 603.4600 8357.990 201.6000 


Altynyü bahasy bilen Alyjylaryn Baha Indeksinin arasyndaky baglanyşyoy ilki 
bilen EXCEL programmasyndaky INSERT/SCATTER arkaly grafda góryár (Şekil - 2, y 
- axis: Gold price, x - axis: CPI). Üzüünizem górsüüiz yaly, Altynyü bahasy 
bilen Alyjylaryü Indeksinin arasynda baglanyşyk görülmeyâr (Nokatlar belli bir 
ugurda yokarlanyan ya - da düsyán trend górünmeyár)! Bu suny afüladyar: altynyü 
bahasy alyiylaryü indeksinin yokarlanmagyna ya - da düşmegine bagly dal, 
yagny, altynyü bahasyna USD inflyasiyasy/deflyasiyasy tasir edenok! Sofüra 
bolsa, Kârhanalaryü paynamalary bilen Alyiylaryü Baha Indeksinin arasyndaky 
baglanysygy grafda góryár (Şekil - 3, y - axis: NYSE Index, x - axis: CPI). 
Alyjylaryn Baha Indeksi yokarlandyoyça kârhanalaryü paynamalaryny 
yokarlanyandygy görülyâr! Bu suny afladyar: kârhanalaryü payanamalarynyü 
bahasyna inflyasiya tásir edyár, yagny, inflyasiya Yokarlandygyca paynamalaryn 
bahasy hem yokarlanyar! 
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Şekil - 2 


Gold Price - CPI scatterplot 
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NYSE Index - CPI scatterplot 


. 
t * 
6000 > 
Ze 
5000 > 
4000 * NYSE Index - CPI scatterplot 
* 
3000 * 
R + 
2000 ++ 


Iki sany görkeziji arasyndaky baglanyşygy regressiýa başlamazdan “göz - 
çaky” bilen EXCEL - de scatterplot grafy arkaly hem görmek bolar (ýokardaky 
yaly). Indi bolsa, OLS usuly içgin ekonometriki seljerise baslalyñ (yenede 
EXCEL ulanmak arkaly): 


Aşakda (Şekil - 4) EXCEL tablisada 1 - nji sütünde (çepden) yyllar görkezilen 
(33 yyl). 2 - nji sütünde her bir yylda karhanalaryü paynamalarynyü indeksi 
(Y) görkezilen (paynamalaryü ortaça bahalary). 3 - nji sütünde her bir yyldaky 
Alyjylaryü baha indeksi (X) görkezilen. Ortaça (Y) ve ortaça (X) tapmak üçin: 
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Şekil - 4 


Y E =$E$18+$E$15*D2 

B c D E F G H 1 1 pem L M 
Year NYSE (Y) CPI (X) Ortaça Y Ortaça X Y- Ortaça Y X-OrtacaX (X- Ortaca X) kwadraty (Y - OrtacaY)"(X - OrtacaX) | Ca Yalnyshlyk (U) Yalnyshlyk (U) kwadraty 
1974 463.54 49.3 | 3961193608 127.3666667 - -2497.65 78.07 6094.40 194983.49 E 1428.88 204169932 
1975 483.55 538 -2477.64 -73.57 5412.05 182271.98 1222.55 1494636.04 
1976 575.85 56.9 -2385.34 -70.47 4965.55 168087.21 1158.93 1343122.89 
1977 567.66 60.6 -2393.53 -66.77 4457.79 159808.26 -396. 964.64 930534.54 
1978 567.81 652 lemi [X -Ortaca X)kwadra! -2393.38 62.17 3864.69 148788.68 -165. 733.43 537912.38 
1979 616.68 72.6 = e oen -234451 54.77 2999.39 128401.20 206.58 410.10 168178.63 
1980 720.15 82.4 -2241.04 44.97 2022.00 100772.26 699.50 20.65 426.56 
1981 782.62 90.9 -2178.57 -36.47 1329.82 79445.32 1127.02 -344.40 118613.23 
1982 728.84 96.5 Jemi (X - Ortaca X]*(Y - Ortaca Y) -2232.35 -30.87 952.75 68905.32 1408.69 -679.85 462191.93 
1983 979.52 996 EOS T -1981.67 -21.77 770.99 55024.47 1564.61 -585.09 342328.30 
1984 977.33 103.9 -1983.86 -23.47 550.68 46554.67 1780.89 -803.56 645702.58 
1985 1142.97 107.6 -1818.22 -19.77 390.72 35940.22 1966.99 -824.02 679002.07 
1986 1438.02 109.6 beta 2 -1523.17 -17.77 315.65 27061.72 2067.58 -629.56 396346.05 
1987 1709.79 1136 MS — -1251.40 -13.77 189.52 17227.66 2268.77 -558.98 312457.49 
1988 1585.14 1183 -1376.05 -9.07 82.20 12476.22 2505.17 -920.03 846447.41 
1989 1903.36 124 Betal -1057.83 -3.37 11.33 3561.37 2791.86 -888.50 789431.82 
1990 1939.47 1307 7 3444991983 -1021.72 3.33 11.11 -3405.75 3128.85 -1189.38 1414627.02 
1991 218172 1362 -779.47 8.83 78.03 -6885.35 3405.49 -1223.77 1497601.99 
1992 242151 14033 RSS -539.68 12.93 167.27 -6979.91 3611.70 -1190.19 1416561.71 
1993 2638.96 1445 365080077 -32223 1713 293.55 -5520.94 3822.95 -1183.99 1401837.49 
1994 268702 1482 27447 20.83 434.03 “571195 4009.05 -1322.03 1747768.06 
1995 307856 — 1524 117.37 25.03 626.67 2938.07 4220.30 “114174 1303570.22 
1996 3787.2 156.9 826.01 29.53 872.22 24394.72 4446.64 659.44 434857.63 
1997 482735 1605 1866.16 33.13 1097.82 6183198 4627.71 199.64 39857.23 
1998 5818.26 163 2857.07 35.63 1269.73 101806.80 475345 1064.81 1133819.86 
1999 654681 — 1666 3585.62 3923 153925 140675.68 4934.52 1612.29 2599478.67 
2000 680589 1722 3844.70 4483 2010.03 172370.55 5216.18 1589.71 2527163.94 
2001 639785 1771 3436.66 49.73 2473.40 170916.38 5462.64 93521 874616.57 
2002 557889 1799 2617.70 5253 2759.75 137516.32 5603.47 -24.58 604.31 
2003 5447.46 184 2486.27 56.63 3207.33 140805.55 5809.69 -362.23 131211.48 
2004 6612.62 188.9 3651.43 61.53 3786.35 224684.44 6056.15 556.47 309661.66 
2005 7349 195.3 4387.81 67.93 4614.94 298078.31 6378.05 970.95 942744.85 
2006 8357.99 5396.80 74.23 5510.59 400622.18 6694.92 1663.07 2765795.78 


_ Jemi Y (463.54 + 483.55 + 575.85 + 567.66 +=) 
m 33 


Ortaca Y = = 2961.19 
_ Jemi X (49.3 + 53.8 + 56.9 + 60.6 +=) 


= 127. 
33 36 


Ortaca X = 


6 - niy sütünde (G) her bir yyl üçin (Y — OrtaçaY) hasaplanan, mysal üçin 
2000 - nji Yylyüky (reükli setir): 


Y2ooo — Y 
6805.89 — 2961.19 — 3844.7 


7 - nji sütünde (H) her bir yyl üçin (X — Ortaça X) hasaplanan, mysal üçin 
2000 - nji Yylyüky (reükli setir): 


X2000 — X 
172.2 — 127.36 — 44.83 


8 - nji sütünde (I) her bir yyl üçin (X — Ortaca X) kvadraty hasaplanan, mysal 
üçin 2000 - nji Yylyüky (refikli setir): 


(X2000 zü X)? 
(44.83)? = 2010 
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9 - niy sütünde (J) her bir yyl üçin (X — Ortaca X) * (Y — OrtaçaY) kópeltmek 
hasyly hasaplanan, mysal üçin 2000 - nji Yylyüky (reükli setir): 


(X2000 — X) * (2000 — Y) 
(44.83) * (3844.7) = 172370.55 


Yekeje garaşsyz görkeziiili ekonometrik modellerde kafisentleri tapmagyü 
formulasyny geçen bölümde çykarypdyk, yagny: 


4 - nji sütünde (E) kafisentleri tapmak üçin gerekli jemler görkezilen, yagny: 


20 — X)(Y, — Y) = [194983.49 + 182271.98 + 168087.21 + le 3277447.15 


2.0 — X)? = [6094.4 + 5412.05 + 4965.55 + 4457.79 + -..1 = 65161.63 


Onda: 


N X — X)(Y, -Y) 3277447.15 
ñ, = 2,06 = 4) = Y) : X ) = LLL = 50.297 
X (X; — EI 65161.63 


f, = Y — X = 2961.19 — (50.297) s 127.36 = —3444.99 


Kafisentler tapylandan soñra,ekonometrik modeli düzüp bilyöris, ekonometrik 
modelimiz: 


NYSE Index, = B, + Ö,(CPI), + u, 


10 - njy sütünde (K) her bir berilen (X) üçin (Alyjylaryñ Baha Indeksi) 
ekonometriki modelimiziñ çaklama (Y) paynamalaryñ bahalaryny görkezyar. Mysal 
üçin 2000 - nji yylda (reñkli setir) Alyjylaryñ baha indeksi (X) 172.2 deñ 
bolan, onda biziñ ekonometriki modelimiziñ şol Yylyü paynamalarynyñ baha 
çaklamasy (Y) 5216.18 bolar. Yagny: 
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NYSE Index, = —3444.99 + 50.297(CPI), 
NYSE Index2990 — —3444.99 + 50.297(CPI) 2000 
5216.18 = —3444.99 + 50.297(172.2) 


ll - nji sütünde (L) her bir Yylyü hakyky karhanalaryü paynamalaryü bahasy 
bilen bizin OLS usuly bilen düzülen ekonometriki modelimizin beryán çaklama 
paynama bahalarynyn tapavudy, yagny yYalüyşlyk (u) görkezilen (yalüyşlyoy 
hasaplanylyşy geçen bölümde berilen). Mysal üçin 2000 - nji yylyü Yalüyşlyoy 
(reükli setir): 


Y;ooo — Y2000 = U2000 


6805.89 — 5216.18 = 1589.71 


12 - nji sütünde (M) her bir yyl üçin yalñyslyklaryñ kwadraty hasaplanyp 
berilen. Mysal üçin 2000 - nji yylyñ yalñyslygynyñ kwadraty: 


ü2000 = (1589.71)? = 2527163.94 


Yalüyşlyklaryü kvadratyny alynmagynyñ sebüabi ofayly ve oofaysyz belgili 
yalüyşlyklaryü jemi alnanda bir - birlerini “öçürmegi” we jemi yalüyşlyk 
barada yalüyş maglumatyn alynmagydy, muny geçen bölümde içgin düşündiripdik. 
ll - nji sündáki görkezilen yalüyşlyklaryü belgisine üns berip gdrsefiz, 
kábirleri ofayly kabirleri bolsa ofaysyzdyr. 4 - nji sütünde bolsa, 
yalnyslyklaryn kwadratynyn jemi, RSS = 31650809.72 görkezilen, yagny: 


Sorag 1: OLS usuly bilen tapan kafisentleriü “iñ dogry  kafisentlerdigini 
nâdip subut etjek? 


Jogap 1: OLS usuly bilen tapan kafisentlerimizin “in dogrulygynyn” iñ afisat 
usuly, yerine başga kafisentler bilen çalşyp görmekdir. Eger - de ekonometriki 
modelimizin RSS - i, OLS usuly bilen tapan RSS - imizden uly bolsa, diymek OLS 
usuly bilen tapylan kafisentler “iñ dogrusy” . Geliü barlap göreliü. Mysal 
üçin diyeli tüze küfisentlerimiz (calaja üytgedeliü): 


A 


b2 = 50 
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f, — —3445 
Onda táze ekonometrik modelimizi: 
NYSE Index, = —3445 + 50(CPI), 
Indi bolsa táze kafisentler ve ekonometrik modelimizi bilen yalüyşlyklary we 


yalüyşlyklaryü  kwadradyny çykaralyü. Aşakda (Şekil - 5) dhli gerekli 
hasaplamalar görkezilen: 


Şekil - 5 
` £ | -SUM(G2:G34) 

B € D E F G H 
Year NYSE (Y) CPI (X) Caklama Y Yalnyshlyk (U) Yalnyshiyk (U) kwadraty 
1974 463.54 49.3 -980 1444 2083807.732 
1975 483.55 53.8 -755 1239 1534006.103 
1976 575.85 56.9 -600 1176 1382623.223 
1977 567.66 60.6 -415 983 965620.6756 
1978 567.81 65.2 -185 753 566722.8961 
1979 616.68 72.6 185 432 186347.6224 
1980 720.15 82.4 675 45 2038.5225 
1981 782.62 90.9 1100 -317 100730.0644 
1982 728.84 96.5 1380 -651 424009.3456 
1983 979.52 99.6 1535 -555 308558.0304 
1984 977.33 103.9 1750 -773 597018.9289 
1985 1142.97 107.6 1935 -792 627311.5209 
1986 1438.02 109.6 2035 -597 356385.1204 
1987 1709.79 113.6 2235 -525 275845.5441 
1988 1585.14 118.3 2470 -885 782977.2196 
1989 1903.36 124 2755 -852 725290.6896 
1990 1939.47 130.7 3090 -1151 1323719.281 
1991 2181.72 136.2 3365 -1183 1400151.558 
1992 2421.51 140.3 3570 -1148 1319029.28 
1993 2638.96 144.5 3780 -1141 1301972.282 
1994 2687.02 148.2 3965 -1278 1633232.88 
1995 3078.56 152.4 4175 -1096 1202180.674 
1996 3787.2 156.9 4400 -613 375523.84 
1997 4827.35 160.5 4580 247 61182.0225 
1998 5818.26 163 4705 1113 1239347.828 
1999 6546.81 166.6 4885 1662 2761612.476 
2000 6805.89 172.2 5165 1641 2692519.992 
2001 6397.85 177.1 5410 988 975847.6225 
2002 5578.89 179.9 5550 29 834.6321 
2003 5447.46 184 5755 -308 94580.8516 
2004 6612.62 188.9 6000 613 375303.2644 
2005 7349 195.3 6320 1029 1058841 
2006 8357.99 201.6 6635 1723 2968694.54 


Yokarda (Şekil - 5) sary bilen bellenen RSS = 31703867.26 görşüüiz yaly, OLS 
usuly bilen tapylan kafisentleri ulanyp çykaran RSS = 31650809.72 - den uly, 
bu suny afüladyar: táze kafisentlerimiz bilen bizin ekonometriki modelimizin 
çaklamasy has kóprák yalüyşlyk göyberyar. Bu bolsa, OLS usuly bilen tapylan 
kafisentlerimizin “in dogrulygyny”  górkezyár. RSS nace kiçi bolsa, biziü 


38 


ekonometrik modelimizi şonçada “iñ dogra” yakynlygyny górkezyár. Mysal üçin 
yene - de başga kafisentleri goyup göreli, bu sapar has üytgeşik: 
Bs — 45 
Bı = —3500 


Onda tâze ekonometrik modelimiz: 


NYSE Index; = —3500 + 45(CPI), 


Indi bolsa táze kafisentler ve ekonometrik modelimizi bilen yalüyslyklary we 
yalüyşlyklaryü kvadradyny çykaralyü. Aşakda (Şekil - 6) görşüüiz yaly RSS = 
51050203 > 31650809.72, Yagny OLS usuly bilen tapylan kafisentlerimizi “iñ 
dogry” kafisentler we “iñ dogry” ekonometriki modeli emele getiryár. Âhli 
gerekli hasaplamalar görkezilen: 


Şekil - 6 
> £ | -SUM(G2:634) 

B € D E İF G H 
Year NYSE (Y) CPI (X) CaklamaY Yalnyshlyk (U) Yalnyshlyk (U) kwadraty 
1974 463.54 49.3 -1282 1745 3045164.602 
1975 483.55 53.8 -1079 1563 2441562.503 
1976 575.85 56.9 -940 1515 2296285.623 
1977 567.66 60.6 -773 1341 1797369.236 
1978 567.81 65.2 -566 1134 1285525.116 
1979 616.68 72.6 -233 850 721956.1024 
1980 720.15 82.4 208 512 262297.6225 
1981 782.62 90.9 591 192 36910.0944 
1982 728.84 96.5 843 -114 12918.5956 
1983 979.52 99.6 982 -2 6.1504 
1984 977.33 103.9 1176 -198 39271.3489 
1985 1142.97 107.6 1342 -199 39612.9409 
1986 1438.02 109.6 1432 6 36.2404 
1987 1709.79 113.6 1612 98 9562.8841 
1988 1585.14 118.3 1824 -238 56815.4896 
1989 1903.36 124 2080 -177 31201.6896 
1990 1939.47 130.7 2382 -442 195390.5209 
1991 2181.72 136.2 2629 -447 200059.3984 
1992 2421.51 140.3 2814 -392 153656.1601 
1993 2638.96 144.5 3003 -364 132161.3316 
1994 2687.02 148.2 3169 -482 232304.7204 
1995 3078.56 152.4 3358 -279 78086.7136 
1996 3787.2 156.9 3561 227 51392.89 
1997 4827.35 160.5 3723 1105 1220693.523 
1998 5818.26 163 3835 1983 3933320.228 
1999 6546.81 166.6 3997 2550 6501531.036 
2000 6805.89 172.2 4249 2557 6537686.472 
2001 6397.85 iy Pul 4470 1928 3718533.723 
2002 5578.89 179.9 4596 983 967055.8921 
2003 5447.46 184 4780 667 445502.8516 
2004 6612.62 188.9 5001 1612 2598930.894 
2005 7349 195.3 5289 2061 4245660.25 


2006 8357.99 201.6 5572 2786 7761740.28 
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Sorag 2: OLS usuly emele getirilen ekonometriki modelimizi námáni anladyar? 

NYSE Index, = —3444.99 + 50.297(CPI), 
Jogap 2: Birinjilik bilen: Ekonometriki modelimizin kömegi bilen, Alyjylaryn 
Baha Indeksi üytgán yagdayynda kârhanalaryü paynamalarynyü bahasynyü indeksine 
nâhili tásiri boljagyny çaklamak mümkin bolar. Mysal üçin, Alyjylaryn Baha 
Indeksiniñ 1 birliginiü yokarlanmagy, paynamalaryü baha indeksini 50.297 
birlik yokarlanmagyna getirerl Yagny: 

NYSE Index, = —3444.99 + 50.297(CP D, 

NYSE Index,,4, = —3444.99 + 50.297[CPI, + 1] 
NYSE Index,,, = —3444.99 + 50.297(CPI,) + 50.297 


NYSE Index;,, = NYSE Index, + 50.297 


Tersine: Alyjylaryñ Baha Indeksiniñ 1 birlik düşmegi, paynamalaryñ baha 
indeksinin -50.297 düşmegine getirer! Yagny: 


NYSE Index, = —3444.99 + 50.297(CPI), 
NYSE Index,,, = —3444.99 + 50.297[CPI, — 1] 
NYSE Index,,, = —3444.99 + 50.297(CPI,) — 50.297 
NYSE Index,,, = NYSE Index, — 50.297 


Alyiylaryü baha indeksi bilen paynamalaryü baha indeksinin arasynda onayly 
(dogry) gatnaşyklar barl 


Ikinjilik bilen: Ekonometriki modelimizi ulanmak arkaly Alyjylaryn Baha 
indeksi berilen yagdayynda, paynamalaryü baha indeksini takmynan çaklamak 
mümkin bolar! Mysal üçin, diyeli eger - de Alyjylaryü baha indeksi 110 - a den 
bolan yagdayynda takmynan paynamalaryn baha indeksini caklan. Onda: 

NYSE Index, = —3444.99 + 50.297(CPI), 


NYSE Index, = —3444.99 + 50.297(110) = 2087 
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Alyiylaryü Baha Indeksi 110 - a deň bolan yagdayynda paynamalaryn baha indeksi 
takmynan 2087 - à deň bolar (çaklama)! 


Sorag 3: Çaklama na dereje dogry, yagny ekonometriki modelin çaklamalaryna na 
derejede güwâ geçse bolar? 


Jogap 3: Bu soragy jogaplamak üçin 2 meselâni çözmeli. 1 - nji mesele: 
Paynamalaryn baha indeksine Alyiylaryü Baha Indeksinden başga tâsir edyân 
faktorlar hem bardygyny unutmaly dal, şonuü üçinem, Alyiylaryü Baha indeksinin 
na dereje paynamalaryn baha indeksine tásir edyándigini bilmek gerekli! 2 - 
nji mesele: Ekonometrik modeliü yalüyşma derejesini tapmaly. Indi bolsa bu 2 
meselâni çözelil. 


1 - nji mesele: Garaşsyz górkezijileriü nä dereje garasly/bagly görkezijâ 


tâsir edyândigini hasaplamaga ekonometrikada “Goodness of fit” diyilyür ve bu 
“R?” bilen görkezilyâr. Muny hasaplamak üçin biz 3 sany haplamany etmeli, 


yagny: 


TSS = Berilen Y maglumatlaryü ortaça Y daşynda seçelenmesini (variation) 
hasaplayar. 


Berilen Y maglumatlaryü çaklama Y daşynda seçelenmesini hasaplayar. 
(çaklamanyü yalfyslygyny) 


ESS = Çaklama Y maglumatlaryn ortaça Y daşynda seçelenmesini (variation) 
hasaplayar. 


R? şeyle tapylyar: 


RSS 
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R? nace 1 - e yakyn bolsa, diymek garaşsyz górkezijileriü bagly górkezijá 

tasirini uludygyny/güyclidigini görkezyar. Nace 0 (nola) yakyn bolsa, şonçada 

garaşsyz górkezijileriü bagly görkezijâ tüsiriniü kicidigini/ujypsyzdygyny 

görkezyar. R” köplenç göterimde aydylyar. Aşakda, ekonometriki modelimizde, 

Alyiylaryü Baha Indeksinin kárhanalaryü paynamalaryny baha indeksine tdasiriniü 

na derejede uludygyny hasaplamak üçin degişli hasaplamalar görkezilen (Şekil - 
Şekil - 7 


çıpooard 5 vont 5 angnment A Numbe s siyle cer tomng 
N36 D E “SUM(N2:N35) 
 —— 1 F 6 H ' ] 2 t M ——— o amea | o 2 
Ortaça Y Ortaça X — Y-Ortaça Y X - Ortaca X (X - Ortaca X) kwadraty (Y - OrtacaY]*(X - OrtacaX) CaklamaY Yalnyshiyk (U) Yalnyshiyk (U) kwadraty (Y - Ortaça Y) kwadraty Caklama Y - Ortaca Y — (Caklam Y - Ortaca Y) kwadraty 
-2497.65 -78.07 6094.40 194983.49 -965.34 1428.88 2041699.32 6238273.687 -3926.53 15417669.88 
-2477.64 -73.57 5412.05 182271.98 -739.00 1222.55 1494636.04 6138717.989 -3700.20 13691455.76 
-2385.34 7047 4965.55 168087.21 -583.08 1158.93 1343122.89 5689864.264 28 12561888.29 
-2393.53 -66.77 4457.79 159808.26 396.98 964.64 930534.54 5729003.268 -3358.18 11277344.82 
Jemi (X -Ortaca X) -2393.38 -62.17 3864.69 148788.68 -165.62 733.43 537912.38 5728285.231 -3126.81 9776932.872 
5 nest | sur — — SST — — m — 
-2241.04 -44.97 2022.00 100772.26 699.50 20.65 426.56 5022276.58 -2261.70 5115273.514 
-2178.57 -356.47 1329.82 79445.32 1127.02 -344.40 118613.23 4746183.089 -1834.17 3364182.947 
Jemi (X - Ortaca X)*(Y - Ortaca Y) -2232.35 -30.87 352.75 68905.32 1408.69 -679.85 462191.93 4983402.758 -1552.51 2410276.877 
e, uerus Tu —Ó an | C.) ə s. mm — 
-1983.86 2347 550.68 46554.67 1780.89 -803.56 645702.58 3935714.328 -1180.31 1393125.621 
-1818.22 -19.77 390.72 35940.22 1966.99 -824.02 679002.07 3305937.192 -994.21 988449.1853 
beta2 -1523.17 17.77 315.65 27061.72 2067.58 -629.56 396346.05 2320057.327 -893.61 798544.9713 
1” Gxiao (daz 18952 1721166 226877 “558.98 31215745 1566011061 “692.42 49451.9225 
-1376.05 9.07 82.20 12476.22 2505.17 -920.03 846447.41 1893523.61 -456.03 2079614176 
Beta1 1057.83 3.37 1133 3561.37 2791.86 888.50 789431.82 1119012.002 169.33 28673.96222 
(0 3444391983 0 1021.72 3.33 DÉI 3405.75 3128.85 -1189.38 1414627.02 1043919.189 167.66 28108.97188 
-779.47 8.83 78.03 -6885.35 3405.49 -1223.77 1497601.99 607579.1498 444.29 197395.255 
RSS -539.68 12.93 167.27 -6979.91 3611.70 -1190.19 1416561.71 291258.4274 650.51 423163.7063 
/ 8165080072 3:223 17.3 29355 -5520.94 3822.95 -1183.99 1401837.49 103834.5164 861.76 742627.7935 
274,17 20.83 434.03 571.95 4009.05 1322.03 1747768.06 75171.18288 1047.86 1098006.714 
11737 25.03 626.67 2938.07 4220.30 1141.74 1303570.22 13774.86331 1259.11 1585348.825 
826.01 29.53 872.22 24394.72 4446.64. 659.44 434857.53 682286.5128 1485.44 2206543.049 
1866.16 33.13 1097.82 61831.98 4627.71 195.64 39857.23 3482539.574 1666.51 2777267.614 
2857.07 3563 1269.73 101806.80 475345 1064.81 1133819.86 8162828.206 1792.26 3212183.682 
3585.62 3923 1539.25 140675.68 4934.52 161229 2599478.67 1285664471 1973.33 3894017.391 
3844.70 44.83 201003 723 1589.71 ag 14781690.13 
3436.66 49.73 247340 170916.38 5462.64 935.21 374616.57 1181060636 250145 6257237.038 
2617.70 52.53 275975 13751632 560347 -24.58 604.31 6852334.252 264228 6981633.374 
2486.27 56.63 3207.33 140805.55 5809.69 -362.23 13121148 6181520431 2848.50 8113933.634 
365143 6153 3786.35 22468444 6056.15 58647 303661.66 1333291449 3094.95 3578739.323 
4387.81 67.93 4614.94 298078.31 6378.05 970.95 942744.85 19252844.68 3416.86 11674904.06 
5396.80 74.23 5510.59 400622.18 6634.92 1663.07 2765795.78 29125410.99 3733.73 13940726.12 


Yokarda (Şekil - 7) górsüniz yaly ühli jemler, yagny TSS = 196497196.4: ESS = 
164846386.7: RSS = 31650809.72 çykdy. Şunlukda bizif R^ = 0.8389 def boldy. 
Munyü manysy şu: Ekonometriki modelimizie layyklykda kdarhanalaryn 
paynamalarynyn baha indeksinde bolyan galyşlar we düsüsleriñ (oynamalar) 83% 
sebâbi inflyasiyadaky (Alyiylaryü Baha indeksi) oynamalar* bolup duryar! 
(Approximately 836 of variation in NYSE index is explained by variation CPI 
fluctuations!). Görşüüiz yaly, Alyiylaryü Baha indeksinde bolyan üytgesmeler 
(inflyasiyanyn) karhanalaryü paynamalarynyü bahasyna uly tasir edyár! Hat - da 
paynamalaryü bahasyndaky “oynamalaryi 83% sebábi inflyasiya/deflyasiyaky 
“oynamalar” bolup duryar. 


4 - nji mesele: Çaklamamyzyü yalüyşlyk derejesini, yagny caklamamyzyn 
yaláyslyk  mukdaryny tapmaly. Regressiyanyü  yalüyslygyna ekonometrikada 


“Variation = yokarlanyp düşüp durmak ,oynamak 
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standard error of regression (regressiyanyi ortaça Yalüyşlygy) diyilyâr we 
seyle tapylyar: 


Biziü regressiyamyzyü (paynamalaryn baha indeksi we alyiylaryü baha indeksi) 
ortaça yalñyslygyny hasaplalyn: 


2. LH RSS  31650809.72 ` — À 
Um ei m © | 


(6) = y? = V1020993.862 = 1010.44 


Munyü manysy şu: Bizin çaklama kárhanalaryü paynama indeksimiz, ortaça 1010.44 
indeks yalüyşlyk göybererl Yagny, mysal üçin biz yokarda Alyiylaryü baha 
indeksi 110 - a den bolanda, çaklama paynamalaryü baha indeksini 2087 - i 
bolar diyipdik. Regressiyanyn  yalüyslygy 1010.44  indeksiü manysy şu: 

“Paynamalaryü baha indeksi (2087 - 1010.44) 1076.56 bilen (2087 + 1010.44) 
3097.44 indeksi arasynda bolup biler" . Yagny: 


Yokarda áhli EXCEL - de el bilen edilen hasaplamalarymyzy aslynda EXCEL - iñ 
özünde goşmaça bar bolan, OLS usuly bilen regressiya edyân programmasynyü üsti 
bilen edip bolyar. Muny etmek üçin şu aşakdakylary yerine yetirin: 


1. EXCEL file açyül (Şekil - 8) 


Şekil - 8 


A Cut 


calibri Ju -as Sile Swap General 
eg eng 2355711: ds ds 
~ df Format Painter EL MO .... E 4 3 
Clipboard iL Font iri Alignment iri Number iri 


8: 57H ' J K 


nN 
Ë 
m” 
o 
o 
m 
^ 


2. EXCEL - de yokarda cep FILE düwmejige basyn (Şekil - 9) 


3. FILE basaüyzdan soüra açylan sahypada OPTIONS düwmejigi 


Şekil - 9 


id save ğ " 
səs Information about ishler 
ve As 
E CAUsers user Desktop|Ekonometrika 2025 Vishler den 
d$ Open 
ği Close = 
Permissions 
BE ooo 
Protect 
Recent Workbook 
New 
Prepare for Sharing 
Print @ Before sharing this file, be aware that it contains: 
Save & Send Check for Document properties, printer path and author's name 
Issues * Content that people with disabilities are unable to read 

Help 
i Options z Versions 
Bot Ki 38) Today, 12:56 PM (autosave) 

Manage Si) Today, 12:44 PM (autosave) 

Versions ~ 


22) Today, 12:33 PM (autosave) 


penjirejik açylar (Şekil - 10) 


> 
EESWESSS] ON cenera options for working with be 


Formulas 


Proofing User Interface options 


Save 


Language 

Advanced 

Customize Ribbon 
Quick Access Toolbar 
Add-Ins 


Trust Ci 


enter 


Sekil - 10 


IV. Show Mini Toolbar on selection 
IV! Enable Live Preview 
Color scheme: [Silver [E 


ScreenTip style: Show feature descriptions in ScreenTips 


When creating new workbooks 


Use this fogt: Body Font 


Font sige: uly 


Deia view for new sheets: | Normal View 


Include this many sheets: 3 
Personalize your copy of Microsoft Office 


Username: user 


basyn, 
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taze 


4. OPTIONS penjirejiginde cep tarapda ADD - Ins düwmejige basyn 


11) 


Şekil - 11 


General 

Formulas 

Proofing 

Save 

Language 

Advanced 

Customize Ribbon 
Quick Access Toolbar 


Trust Center 


iş View and manage Microsoft Office Add-ins. 


Add-ins 


Name ^ Location 
| Active Application Add-ins 
Analysis ToolPak CA.NOffice14VLibraryVeAnalysisVANALYS32.XLL 


|Inactive Application Add-ins 

| Analysis ToolPak - VBA CA.ffice14NLibraryVAnalysisVATPVBAEN.XLAM 

| Custom XML Data CA..6MMicrosoft Office\Office14\OFFRHD.DLL 
|Date (XML) CA...simicrosoft shared\Smart Tag\MOFL.DLL _ 


Excel Add-in 


Excel Add-in 
Document Inspector 
Action m 


Add-in: Analysis ToolPak 

Publisher: Microsoft Corporation 

Compatibility: No compatibility information available 

Location: C:\Program Files (x86)\Microsoft Office\Office14\Library\Analysis\ANALYS32.XLL 


Description: Provides data analysis tools for statistical and engineering analysis 


Manage: | Excel Add-ins RA Go... 
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(Şekil - 


5. Açylan sahypada yokarda ADD - Ins diyilip duran yerde EXCEL - iñ goşmaça 
programmalary bar, şol yerden ANALYSIS TOOLPAK górkeziü ve aşakda MANAGE 
diyilp duran yerde GO... düwmejige basyü. Şonda, regressiya üçin gerekli 
programmajyk siziñ EXCEL - e goşular. Indi, islendik wagty EXCEL file 

acylan 

sahypanyá yokary sag gyrasynda DATA ANALYSIS düwmejigi döremeli (Şekil - 


acanyzda we yokarda DATA diyilip duran düwmejige basafiyzda, 


12) 


Home Insert Page Layout 


Şekil - 12 


Formulas Data Review View 


x ma m " s => [Ə)connections A & Clear = m m. m E "m Kë 54 93 si Dia pata Analysis 
ATZ L — E| ms 
E Eh fa | Ea lün my e ge m ER ğ we Le 
From From From From Other Existing | Refresh ` Z| sot | Fiter © Text to Remove Data Consolidate Whatif Group Ungroup Subtotal 
Access Web Text Sources” Connections Ally = Edit Link X» Advanced | columns Duplicates Validation - Analysis ~ ” 
Get External Data Connections Sort & Filter Data Tools Outline Analysis 


> EXCEL/FILE/OPTIONS/ADD-Ins/Analysis ToolPak bellâp GO... düwmejige basmaly 
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6. DATA ANALYSIS  dümwejige basyü,  táze  penjirejik açylar  acylan 
penjirejikden REGRESSION saylayaüyz ve OK düwmejige basyafiyz (Şekil - 
13) 


Şekil - 13 
Data Analysis ” 
Ge: 
Fourier Analysis zl 
Moving Average 
Random Number Generation 
Rank and Percentile — 


Reqression | 
Sampling El 
t-Test: Paired Two Sample for Means İl 
t-Test: Tvvo-Sample Assuming Equal Variances | 
t-Test: Two-Sample Assuming Unequal Variances Ral 


7. Ölünizde táze penjirejik açylar (Şekil - 14) şol penjirejige regressiya 
üçin gerekli maglumaty girizmeli: INPUT Y RANGE - bagly/garaşly 
górkezijiniü áhlisini görkezmeli (Şekil - 4) Cl = górkezijiniñ ady bar, 
C2:C34 (jemi 33 sany) bagly górkezijiler. INPUT X RANGE - garassyz 
górkezijileri górkezmeli (D1:D34 aralygy). LABELS - górkezijileriü ady 
(CI ve DI) girizilen bolsa LABELS óyjügi bellemeli. OUTPUT RANGE - isláp 
oturan EXCEL sahypanyza netijániñ çykmagyny isleseñiz OUTPUT RANGE 
saylamaly. Eger - de regressiya netijániü başga bir sahypa cykmagyny ya 
- da düybünden táze EXCEL file açylmagyny sileseñiz NEW WORKSHEET PLY ya 
- da NEW WORKBOOK öyjügi bellemeli. RESIDUALS - öygügi belleseüiz, her 
bir berilen maglumat üçun caklamanyü yalnyslygyny hem górkezer. 


Sekil - 14 
~ " 
— ee 
Input i 
Input Y Range: $C$1:$C$34 
Input X Range: $D$1:5D$34 
İV) Labels [E] Constant is Zero 
Confidence Level: 95 % 
Output options 
(© Output Range: SES41 


(C) New Worksheet Ply: 

(©) New Workbook 
Residuals 

[V] Residuals 

| | Standardized Residuals 


an 


Normal Probability 
[E] Normal Probability Plots 
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8. Şekil - 14 - dáki penjirejigi dolduryp OK düwmejige bassafiyz aşakda 
görkezilen regressiya netijesini alarsyüyz (Şekil - 15, SUMMARY OUTPUT). 
Şekil - 15 


SUMMARY OUTPUT 


Regression Statistics 

0.915928425 
0.838924879 
0.833728907 
1010.442409 


F Significance F 
164846386.7| 164846386.7 161.4567853 7.89485E-14 
31650809.72| 1020993.862 


Coefficients Standard Error tStat P-value Lower 9596 Upper 9596 Lower 95.0% Upper 95.096 
-3444.991983| 533.9662947| -6.45170307 0.000000341675322797 -4534.023421| -2355.96055 -4534.023421 -2355.960545 
50.297191471 3.958362692| 12.70656465 0.0000000000000789 42.22405753| 58.3703254 42.22405753 58.3703254 


RESIDUAL OUTPUT 


Observation Predicted NYSE (Y) Residuals 
-965.3404441| 1428.880444 
-739.0030825| 1222.553082 
-583.0817889| 1158.931789 
-396.9821805| 964.6421805 
-165.6150998| 733.4250998 
206.5841171| 410.0958829 
699.4965934| 20.65340655 
1127.022721| -344.4027209 
1408.686993| -679.8469931 
1564.608287| -585.0882867 
1780.88621 -803.55621 
1966.985818| -824.0158184 
2067.5802011 -629.5602013 
2268.768967| -558.9789672 
2505.165767| -920.0257671 
2791.859758| -888.4997584 
3128.8509411 -1189.380941 
3405.4854941 -1223.765494 
3611.703979| -1190.193979 
3822.952183| -1183.992183 
4009.051792| -1322.031792 
4220.299996| -1141.739996 
4446.637358| -659.4373577 
4627.7072471 199.6427531 
4753.4502261 1064.809774 
4934.5201151 1612.289885 
5216.1843871 1589.705613 
5462.6406251 935.2093747 
5603.472761| -24.58276137 
5809.691246| -362.2312464 
6056.1474851 556.4725154 
6378.049511 970.9504901 
6694.9218161 1663.068184 


|= = = |e fe lm im = le 
Slelo | |o |o |» |o S |o. |O |w|o | |o |o | 5 |o | v |= 


Misi 
Qo me 


N 
À 


Yokardaky (Şekil - 15) netijenamada biziň mundan öüki (Şekil - 4 ve Şekil - 7) 
elde hasaplan hasaplamalarymyzyü ühlisini görüp bilersiüiz: Yokarda çep gyrada 
R SQUARED - 0.8389, STANDARD ERROR - 1010.44, OBSERVATIONS - 33. Aşagrakda SS 
diyilip duran yerin asagyna ESS, RSS we TSS jemlerini görüp bilersifüizi 
(164846386.7, 31650809.72,  196497196.4). Ondanam aşagrakda COEFFICIENTS 
yazgysynyi asagynda INTERCEPT -3444.99 we onuü aşagynda CPI(X) 50.29 
gorersiniz, bular bizin OLS usuly bilen tapan kafisentlerimizdir! In asakda 
RESIDUAL OUTPUT yazgysynyü asagynda 3 sütün bar, bularyn 1 - njisi jemi 
maglumat sany, 2 - njisi Çaklama Paynamalaryü Baha Indeksi (Y;), 3 - nii sütün 
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bolsa Yalüyslyklarymyzy (Residuals, z) görkezyâr (Şekil - 4 ve Şekil - 7 elde 
eden hasaplarymyz bilen defeşdirip görsefüiz, netijenama bilen hasaplamalaryn 
deň gelyündigini görersiüiz). Mundan beylâk, OLS usuly ekonometriki seljeris 
regressiyalarymyzy EXCEL - iñ bu goşmaça programmasyny ulanmak arkaly ederis. 
EXCEL - iñ bu programmasy hem OLS usulyny ulanyandygyny unutma! 


Aşakda (Şekil - 16) yokardaky (Şekil - 15) netijenamada görkezilen ekonomtriki 
seljerişimizde kábir gerekli bolan hasabatlar reükli şekilde görkezilen. 
Şekil - 16 


SUMMARY OUTPUT 


Regression Statistics 1 
Multiple R 0.915928425 
R Square 0.838924879 
Adiusted R Square 0.833728907 [ 
Standard Error 1010.442409 
Observations 33 


ANOVA 

df SS MS F Significance F 
Regression 1 164846386.7 164846387 7.89485E-14 
Residual 31 31650809.72 1020993.86 
Total 32 196497196.4 


Coefficients 
Intercept -3444.991983 
CPI (X) 50.29719147 


Lower 95.0% Upper 95.0% 
-4534.023421 -2355.960545 
42.22405753 58.3703254 | 


e F - test hasabaty (pyrtykal reñkde, F) 161.45 görkezilen, F - test 
ekonometriki seljerisde “joint significance test” yagny “umumy 
âhmiyetlilik testi” aüladyar. Bu test, garaşsyz górkezijileriü, bagly 
görkezijâ tasir etmekde ahmiyetinin ululygyny ya - kiçiligin görkezyâr. 
Bu test bize garassyz górkezijileriü sany birden köp bolanda we 
ekonomtriki modelimizi saylamakda uly yardam eder. Yekeje garaşsyz 
górkezijili ekonometriki modellerde F - test hasabaty könbir gerekli 
bolmayar. F - test hasabaty tapylysy: 


Yokarda df, - “degrees of freedom of numerator” afladyar we bu san 
regressiya netijenamada (Şekil - 16) “df” sütünil asagynda görkezilen. 


df, = jemi gorkezijilerin sany — bagly gorkezijilerin sany 
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df, - “degrees of freedom of denominator" afladyar ve bu san 
regressiya netijenamada (Şekil - 16) “df” sütüniň asagynda görkezilen. 


df, = jemi maglumat sany — jemi gorkezijilerin sany 


Şol netijenamada “MS” sütüniniü aşagynda eyyam A we m netijeleri 


eyyâm görkezilen. F - testlerin netijesi minimumdan geçse, diymek garaşsyz 
górkezijiler bagly górkeziji üçin dhmiyetli diymegi afüladarl F - testing 
minimumlary her bir ekonometrika kitaplaryn arkasynda berilyár. Regressiya 
netijenamamyzda “degrees of freedom of numerator” 1 - e def, “degrees of 
freedom of denominator" 31 - e defi, onda (Şekil - 17) yokardan (numerator) 1 
ve yan tarapdan denominator 40 seretseáiz (.05 = 56 yalüyslyk athimallygyny 
aüladyar) 4.08 górersiüiz, bu şunyü afüladyar: Paynamalaryü baha indeksine 
Alyiylaryü baha indeksi tásiriniü âhmiyetli bolmagy üçin F - test hasabaty 
4.08 - den geçmeli, bizin regressiya netijenamamyzda ve elde hasaplanymyzda F 
- test hasabatymyz 161.45 çykdy, yagny, paynamalaryü baha indeksi üçin 
Alyjylaryü baha indeksi örün âhmiyetli górkezijdir! Aşakda” (Şekil - 17) F - 
test minimumlary berilen: 
Şekil - 17 


TABLE D.3 Upper Percentage Points of the F Distribution 
Example 

Pr(F > 1.59) = 0.25 

Pr(F > 2.42) = 0.10 for df Ni = 10 

Pr(F » 3.14) 2 0.05 and N> = 9 

Pr(F > 5.26) = 0.01 


5% area 


1% area 


0 3.14 5.26 


° Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 884 
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Şekil - 17 dovamy 


TABLE D.3 Upper Percentage Points of the F Distribution (Continued) 


df for 
denom- df for numerator Ni 
inator 
N; Pr 1 2 3 4 5 6 7 8 9 10 11 12 
E 1.40 1.48 1.47 1.45 1.44 1.42 1.41 1.40 1.39 1.39 1.38 1:37 
22 .10 2.95 2.56 2.35 2.22 2.13 2.06 2.01 1.97 1.93 1.90 1.88 1.86 
.05 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34 2.30 2.26 2.23 
.01 7.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.39 3.26 3.18 3.12 
.25 1.39 1.47 1.46 1.44 1.43 1.41 1.40 1.39 1.38 1.38 1.37 1.36 
24 .10 2.93 2.54 2.33 2.19 2.10 2.04 1.98 1.94 1.91 1.88 1.85 1.83 
.05 4.26 3.40 3.01 2.78 2.62 2:5] 2.42 2.36 2.30 2.25 2.21 2.18 
.01 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 3.17 3.09 3.03 
.25 1.38 1.46 1.45 1.44 1.42 1.41 1:33 1.38 LEE 1.37 1.36 135 
26 .10 2.91 2.52 2.31 2.17 2.08 2.01 1.96 1.92 1.88 1.86 1.84 1.81 
.05 4.23 3.37 2.98 2.74 2.59 2.47 2.39 zz 2 2.22 2.18 213 
.01 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18 3.09 3.02 2.96 
25 1.38 1.46 1.45 1.43 1.41 1.40 1.39 1.38 1.37 1.36 1.35 1.34 
28 .10 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87 1.84 1.81 1.79 
.05 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24 2.19 2:15 2.12 
.01 7.64 5.45 4.57 4.07 3.75 3.53 3.36 323 3.12 3.03 2.96 2.90 
.25 1.38 1.45 1.44 1.42 1.41 1:39. 1.38 1.37 1.36 1:35 1:35 1.34 
30 .10 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85 1.82 1.79 177 
.05 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21 2.16 2.13 2.09 
.01 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07 2.98 2.91 2.84 
.25 1.36 1.44 1.42 1.40 1.39 1.37 1.36 1.35 1.34 1.33 1.32 1.31 
40 .10 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79 1.76 1:73 Ua 


.05 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12 2.08 2.04 2.00 


Şekil - 16, sary reükde ¿£ Stat ekonometrikada “T - test of significance" 
(her bir garaşsyz görkezijinii bagly görkeziji üçin baglylyk testi) 
hökmünde bilinyár. F - test: áhli garaşsyz görkeziiileriü bilelikdâki 
âhmiyetlilik testidi, T - test bolsa, her bir garaşsyz görkezijiniň ayry - 
ayry bagly görkeziiü âhmiyetlilik derejesiniñ testi (synagydyr). Muña, 
basgada Hypothesis testing hem diyilyâr. Eysem bu test náhili amala 
aşyrylyar? Bu testi amala aşyrmak üçin her bir garassyz görkeziliniü 
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standard error (her bir górkejiniü yalüyşlyk derejesini) tapmak gerekli. 
Her bir garaşsyz górkezijiniü Standard Error (sary bilen görkezilen) 
regressiya netijenamasynda çykarylyar (¿£ Stat çep tarapynda). Alyjylaryü 
baha indeksinin Paynamalaryn baha indeksi üçin áhmiyetlimi ya - da dâlmi 
munyü T - testinin edilişi: 


Ho - “null hypothesis" yagny “ilkinji gipotezamyz, ilkinji pikirimiz” 
diymegi aüladyar. T - test edenimizde, biziü ilkinji gipotezamyz  "Alyjylaryü 
Baha indeksiniü hiç hili âhmiyeti yok” matematiki usulda bu şeyle bolyar: 


Hg = 0 


Onda T - testimiz: 


T - testimizin netijesi 12.7 çykdy, bu námáni añladyar? Her bir ekonometrika 
kitabynda £ Distribution tablisasy bolyar”, edil F - test minimalar Yaly, 
matematikanyn trigonometrika ugrundaky ulanylyan sinus ve cosinus tablisalary 
yaly, ya - da her bir matematika depderinin arkasyndaky Pifagor kópeltmek 
tablisasy yaly, ekonometrikanyü hem özüne mahsus tablisalary bar! Her bir 
görkeziji sany, maglumat sany ve başga ençeme faktorlaryü esasynda bu 
tablisalar eyyam tayyar ve ulanybermeli yagdayda bolyarlar. Bu tablisalaryn 
náhili emele gelşini içgin öwrenmek  isleyánler ekonometrikanyü yörite 
kitaplaryndan ugur almagy maslahat beryárin. Bu kitapda, ekonometrikanyn amaly 
üçin, yagny, ekonometrikany seljerisde ulanmak barada, we beyleki hasabatlaryn 
gelip çykyşy barada dâldigini okyia Yatladyarynl Aşakdaky (Şekil - 18) £ 
Distribution tablisada gorizontal (yatay) górkeziji áhtimallygy görkezyâr, 
vertical (dikligine) górkeziji bolsa df, afüladyar. Ekonometriki seljerislerde 
95% ahtimallyk ulanylyar ve sonuñ üçinem (0.025:0.05) sütüni ulanylyar. 
Bularyü manysy: eger - de T - test iki ganat (iki taraplayyn) edilen bolsa, 
onda her ganatdan 2.5% yalüyşlyk âhtimallyga rugsat beriler, eger - de test 
dine bir ganat (bir taraplyyn) edilen yagdayynda onda şol tarapdan 5$ 
falüyslyk âhtimallyga rugsat beriler*. Biziñ mysalymyzda df, = 31 bolany üçin, 


” Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 879 
5 95% confidence level - 95% dogry, Yagny 56 yalüyşlyga rugsat berildi manysyndadyr! 
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biz tablisada 40 sanyñ gabadyna serederis, gorizontal sütünden hem 
(0.025:0.05) saylarys we şol sanlar üçin netije 2.021 görersifiz. 


Şekil - 18 
TABLE D.2 Example 
Percentage Points of Pr (t > 2.086) = 0.025 
the £ Distribution ... ` 
Pr(t > 1.725) = 0.05 for df = 20 0.05 


Source: From E. S. Pearson and 

H. O. Hartley, eds., Biometrika PF(|t| > 1.725) = 0.10 
Tables for Statisticians, vol. 1, 

3d ed., table 12, Cambridge 

University Press, New York, 

1966. Reproduced by 
permission of the editors and 


0 1.725 


trustees of Biometrika. 


Munyü manysy şu: Eger - de T - test netijesi -2.021 we 2.021 aralygynyda bolsa 
onda “ilkinii gipotezamyzyü  dogrulygy kabul  etmán  bilemizok" yagny, 
hakykatdan - da Alyjylaryn Baha indeksindüki oynamalar kárhanalaryü baha 
indeksine hiç hili áhmiyeti yok we tásiri bolmaz! 
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Eger - de T - test netijesi -2.021 kiçi ya - da 2.021 - den uly bolan 
yagdayynda, onda “ilkinji gipotezamyzyn dogrulygy kabul edip bilemzok” yagny, 
hakykatdan - da Alyjylaryn Baha indeksindáki oynamalar kárhanalaryü baha 
indeksi üçin áhmiyetli ve tasiri bar! Jntercept, üytgemeyán górkezijiniü T - 
testi ve galan hasabatlaryna üns berilenokdyr! 


P - value: kafisentleriü nádogry bolma áhtimallygyny görkezyâr (sary reñkde, 
Şekil - 16). Görşüüiz yaly, ekonometrik modelimiziiü ñ, kafisentiniñ nadogry 
bolma äthimally 0.0000000000000789 den! Bu suny añladyar: f kafisentiniñ 
nádogry bolma àhtimallygy “10 milyardda bir” - denen kiçil 


Hakyky kafisentleri tapmak mümkin dáldir! Hakyky kafisentleri tapmak diymek, 
görkezijilerili arasyndaky gatnasygy/baglanysygy matematiki usul bilen kemsiz 
görkezip bolyar diymegi afüladardy, bu bolsa, tövekgelçilgiü düybi bilen 
dolulygyna bazar ykdysadyyetinden ayrylmagyny afüladardy. Islendik górkezijiler 
arasyndaky  baglanysygy  matematiki  usulda  birkemsiz  górkezmek  diymek - 
tövekgelçiligiü yitmegi diymekdir! Bu bolsa düybünden yalüyşdyr! Sonun üçinem, 
áhli ekonometriki ve ykdysady modeller kemçiliklidir, yalüyşlyklary bardyr! 
Ykdysadçylaryü işi bu modelleri arasynda iñ az yalnyslygy bolany saylap 
almakdyr! OLS usuly bilen emele gelen ekonometriki modelimizin kafisentleri 

“hakyky” kafisentler düldir, şonuü üçinem bulara "fitted - 
tapylan" kafisentler diyilyár. 


Yagny, bizi 
aslynda "fitted - tapylan) kafisent, yöne 


modelimizdâki 


“hakyky” kafisent 95% áhtimallyk bilen su sanlaryñ arasynda, yagny: 


Mundan başga - da EXCEL/DATA ANALYSIS programmasy arkaly:ekonometriki 
modelimizdâki górkezijileriü correlation’, covariance we Jarque - Bera test 
of normality hasabatlaryny hem tapyp bolyar! 


?Lower bound - aşaky çük, Upper bound - yokarky çük 
10 np. 


Bir - birine baglylyk 
“Bir - birinden tapawutlylyk 
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Bagly górkeziji bilen garaşsyz górkezijiniü arasyndaky baglylygyü güyjüni 
tapmak üçin, ekonometrikada correlation hasabaty ulanylyar. Muny EXCEL arkaly 
tapmak üçin DATA ANALYSIS girydüiz we şol yerden CORRELATION belláp OK 
düwmejige basyaüyz (Şekil - 19). 


Sekil - 19 


Analysis Tools 


| Anova: Two-Factor Without Replication ^ 
DEER 
| Covariance m 


| Descriptive Statistics 
| Exponential Smoothing 


n 


| F-Test Two-Sample for Variances a 
| Fourier Analysis 

| Histogram 

|Moving Average 

|Random Number Generation 


Acylan penjirejige bagly we garaşsyz górkezijiniü statistiki maglumatyny 
görkezyaüiz (islendik iki górkeziji arasyndaky baglylygyn güyjüni tapmak üçin 
ulanylyp biler) ve hasabatyü çykmaly yerini górkezyániz we OK düwmejige 
basyafiyz (Şekil - 20). 


Şekil - 20 
Input 
Input Range: $C$1:$D$34 
Grouped By: (Ə) Columns 
İV) Labels in first row 
Output options 
(Ə) Output Range: $P$45| 
(C) New Worksheet Ply: 
(© New Workbook 


Cykan hasabat matematiki matrix görnüşinde bolar, yagny 2:2 matrisa 


Biriniilik bilen - şol sanyá belgisiniü oňaýly (+) ya - da oflaysyz bolmagy (- 
). şol iki görkeziji arasyndaky gatnaşygyü  ugruny  górkezyár. Biziň 
hasabatymyzda (Şekil - 21) Paynamalaryü baha indeksi bilen alyiylaryü baha 
indeksi arasyndaky gatnaşyk oñayly (0.91593)! Ikinjilik bilen - şol sanyñ nâçe 
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nola (0) yakyn san bolmagy, iki górkeziji arasyndaky baglylygyn giiyjiinin 
pesdigi görkezer. Tersine, şol sanyü nace 1 - e yakyn bolmagy bolsa, şol 
gorkezijilerin arasyndaky baglylygyü güyjünin örân yokarydygyny görkezer. 
Ekonometriki dil bilen aydanymyzda, Alyiylaryü baha indeksindáki oynamalaryn 
kârhanalaryü paynamalarynyü indeksine tasiri gaty güyçli deger/bolar! 


Sekil - 21 


NYSE (Y) CP) (X) 
NYSE (Y) 1 
CPI (X) 0.91593 1 


Covariance hasabaty hem DATA ANALYSIS girmek, COVARIANCE belláp OK düwmejige 
basmak ve açylan penjirejige iki g6rkezijinin maglumatlaryny salyp OK 
düwmejige basmak arkaly alynyar (Şekil - 22) 


Şekil - 22 
nm [ o | 
Input Range: $C$1:$D$34 ES war 
Cancel 
Grouped By: 9) Columns 
Rows | Help 

[v | Labels in first row 
Output options 
© Output Range: $P$51| ES 

New VVorksheet Ply: 

New Workbook 


Çykan hasabat yenede matrisa görnüşinde bolar ve biziñ üçin diñe çep aşaky 
Bu sanyá dile ofayly ve ofaysyz belgisi 
gerekli bolar biziñ üçin: onayly bolmagy iki görkeziji arasynda onayly 
gatnaşyk bardygyny, onaysyz bolmagy bolsa ofaysyz gatnasyk bardygyny görkezer 
(Şekil - 23)! 
Şekil - 23 


NYSE (Y) CPI (X) 
NYSE (Y) 5954460 
CPI (X) 99316.6 1974.59 
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Jarque - Bera test of normality Ya - da Yöne Jarque - Bera test (JB test) 
hasabaty ekonometrikada berilen maglumatlaryü “normally distributed around 
its mean” yagny “berilen maglumatyü adatylyk şertini”  afladyar. Muny 
başgaça aydanymyzda, berilen maglumatlaryü arsynda uly tapawutlar bolmaly dal! 
Mysal üçin ykdysadyyetiü gövrümi Jemi Içerki Önüm bilen ölçelyür, ve Jemi 
Içerki Önüm yyl - Yyldan seyle gitsin: 100, 110, 123, 140, 152, 250, 760, 320, 
100, 110. Bu berilen maglumatlara layyklykda 5 - nji yyldan son, Jemi Icerki 
Önüm örân üytgesik böküşler ve çöküşler bilen yöreyür. Bu yagday biziü 
ekonometriki seljerişimize uly pasgelçilik döreder sebábi bu çaykanmalar 

“normality assumption" bozar, yagny, statistiki maglumatlaryü “adatylyk 
şerti” bozar” . Yagny, sanlardaky üytgeşik oynamalar bolup geçen “adatdan 
daşary Yagdayy” añladar, bu bolsa bizin seljerisimize uly üâsgelçilikler 
dóredip, ekonometriki modelimizin yalüyşlyk derejesinin artmagy getirer. 
Yokarda, Jemi Içerki Önümimiziü 5 - nji yyldan son Grën yokary derejede 
artmagy, diymek 6 - niy we 7 - nji Yyllarda şol ykdysadyyetde “adatdan daşary 
yagdaylaryü” bolandygyny alamatlandyryar. Bu yyllar, ykdysadyyetin adaty 
akysyndan tapavutly Yyllar şonuü üçinem, bu Yyllaryü bizin ekonometriki 
modelimizin çaklama  güyjüne uly tâsir eder we yalnyslygyny artdyrar. 
Ekonometrikada maglumatlaryü (data)  "adatymy ya - da dálmi" (normally 
distributed or not) muny barlamak üçin ekonometriki modelimizi 

“yalüyşlyklaryny” (residuals) Jarque - Bera test - den geçirilyâr. Jarque - 
Bera test - i amala aşyrmak üçin bolsa, Skemessi” ve Kurtoises"” hasabatlary 
gereklidir! 


1. Fkonometriki modeliñiziñ yalñyslyklaryny tapyñ (residuals) 
4. DATA ANALYSIS giriñ ve DESCRIPTIVE STATISTICS belláñ we OK düwmejige 
basyñ (Sekil - 24) 
Sekil - 24 


“Normality assumption - adatylyk şerti 
13 Skewness - egrilik, gysyklyk 
“ Kurtoises - maglumatlaryü ortaça belginiü tówereginde deň derejede seçelenme synagynyü ady 
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Analysis Tools 


Anova: Single Factor ^ 
Anova: Two-Factor With Replication 
Anova: Two-Factor Without Replication 
Correlation 


Covariance 


Descriptive Statistics 

Exponential Smoothing 

F-Test Two-Sample for Variances 

Fourier Analysis 

Histogram ac 


3. Penjiregije gerekli maglumaty salyarys (diüe residuals sütüni salmaly, 
yalüyşlyklaryü sütünini Şekil - 15 - dáki residuals sütüni ulanyldy) we 
hasabatyü çykiak óyjügini belleyáris (Şekil - 25) we OK düwmejige 
basyarys: 

Sekil - 25 


Input 
Input Range: $G$64:$G$97 ES 


Grouped By: @ Columns 
Labels in first row 


Output options 

(© Output Range: 

© New Worksheet Ply: 
(C) New Workbook 


Kth Largest: 
Kth Smallest: 


4. Cykan hasabatda "yaláyslyklar (residuals)” barada âhli gerekli 
maglumatlaryü bardygyny görersiüiz, şol bir badad Skewness we Kurtoises 
hasabaty (Sekil - 26): 


Sekil - 26 
Residuals 

Mean 3.03165E-13 
Standard Error 173.1252659 
Median -344.4027209 
Mode #N/A 
Standard Deviation 994.5289356 
Sample Variance 989087.8038 
Kurtosis -1.40662991 
Skewness 0.306364554 
Range 2985.099976 
Minimum -1322.031792 
Maximum 1663.068184 
Sum 1.00044E-11 


Count 33 
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5. Skewness hasabaty nola (0) nace yakyn bolan yagdayynda, ekonometriki 
modelimiziü ühtimallyk gurluşynda gysarma yok diymegi afüladar. (Gysgaca 
aydanymyzda adatdan daşary Yagday yok). Şol bir wagtda Kurtoises 
testininil hasabaty hem 3 - e yakyn bolmaly, ynha şonda, ekonometriki 
modelimizin yalüyşlyklarynyü den agramlylykda paylanandygyny afladar. 
Çykan hasabatdan Skewness (0.306) ve Kurtoises (-1.4) hasabatyny alyp, 
Jarque - Bera testinin formulasyna oturtmaly, yagny: 


n = maglumat sany; S = Skewness; K = Kurtoises 


Onda: 
(0.3060)? (—1.4—3)? 
Jarque — Bera test = 33 * = EE t — 34 |7 27.2 


Eger - de maglumatymyz “ifüfüan adaty (perfectly normally distributed) 
bolsady, onda Jarque - Bera testiniü netijesi nol (0) bolardy! Karhanalaryn 
paynamalarynyn bahasynyü indeksi ve alyjylaryn baha indeksi ekonomtriki 
modelimizin yalüyşlyklarynyü “iňňän adaty  dáldigini Skewness we Kurotises 
hasabatyndan belli, hem - de Jarque - Bera testiü netijesinden (27.2). Bu 
ekonometriki modelimizde maglumatlar “iňňän adaty dal, yöne edil “adaty 
dal” hem diyip bolanok! Aslynda, yalüyşlyoymyzyü Jarque - Bera testini 
noldan (0) uzagrakda çykmagy bizin OLS usuly bilen tapan kafisentlerimizi 

“yalüyşüygyny”  alamatlandyranok! Jarque - Bera testini noldan (0) uzakda 
çykany  bilenem biziü OLS usuly bilen tapan  kafisentlerimizi “iñ 
dogrydyr" (BLUE) 1” 


Aşakda (Şekil - 27) Altynyü bahasyny Alyiylaryü Baha indeksine regressiyasynyü 
netijenamasy berilen (doly maglumat Şekil - 1). Gysgaca, ykdysadcy 1974 - 2006 
yyllar aralygynda ABS - da altynyü bahasynyü oynamagyna inflyasiyanyü (umumy 
bahalaryü, Alyiylaryü baha indeksini ulanyar) tásiri boldumy ya - da yok sony 
seljermek maksat  edinyár. Regressiyanyü  netijenamasy esasynda aşakdaky 
selieriş metijá gelse bolar, yagny: 


7 BLUE - Best Least Unbiased Estimators 


Şekil - 27 


SUMMARY OUTPUT 


Regression Statistics LLL] 
Multiple R 04172330600 | 


R Square 


Adjusted R Square 


Standard Error 


Observations 


ANOVA 

Regression 0.01570344 
Residual 

Total 


| Coefficient 5 tandard Erro tStat P-value | Lower 9596 | Upper 9596 Lower 95.096 


Upper 95.096 
Intercept 216.8936699| 54.2597197| 3.997323822| 0.000368 106.230242| 327.557098| 106.230242| 327.5570977 
CPI 1.028183696| 0.40223447| 2.556179967| 0.015703) 0.20782108| 1.84854631| 0.20782108| 1.848546308 


RESIDUAL OUTPUT 


Observation  |Predicted Gold Price 


267.5831261| -108.32313 


272.2099528| -111.18995 


275.3973222| -150.55732 


279.20160191 -121.4916 
283.9312469 -90.711247 


291.5398062| 15.1401938 


301.6160065| 310.943994 


310.3555679| 149.674432 


Alo mu Ho ə ə 


316.1133966| 59.5566034 


10 319.300766, 105.049234 
11 323.7219559) 36.7580441 


12 327.5262356 
13 329.582603) 38.077397 
14 333.6953378| 112.764662 
15 338.5278012| 98.4121988 
16 344.3884482| 37.0515518 


17 351.277279| 32.232721 
18 356.9322893| 5.17771069 


19 361.1478425| -17.327842 
20 365.466214| -5.696214 
21 369.2704937| 14.7295063 
22 373.5888652| 10.5811348 
23 378.2156918 
24 381.9171531 
25 384.4876124| -90.247612 
26 388.1890737| -109.30907 
27 393.9469024| -114.8369 
28 398.9850025| -124.945 
29 401.8639168 
30 406.07947 -42.699477 — | 
31 411.1175701 


32 417.6979458| 27.0420542 
33 424.175503| 179.284497 
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1. 0LS usuly bilen tapan ekonometriki modelimiz: 
Gold Price, = $, + B;(CPD, +u, 
Gold Price, = 216.89 + 1.028(CPI), 


1974 - 2006 - niy Yyllar arasynda ABS - da altynyn bahasy bilen alyjylaryn 
baha indeksi arasynda ofayly gatnasyk boludpyr. Alyiylaryü baha indeksinin 1 - 
indeks yokarlanmagy, altynyü bahasynyü (1 ounce of gold) 1 USD gymmatlamagyna 
getiripdir1"" 


2. R”-0.174 diymek: 1974 - 2006 - niy yyllar aralygynda ABS - da altynyn 
bahasyndaky oynamalaryn 176 sebabi inflyasiyadyr (alyiylaryü baha 
indeksindáki oynamalardyr)! 


3. Ekonometriki modelin ESS = 68886, RSS = 326822, TSS = 395709 


4. Standard Error = 102.67 diymek: Ekonometriki modelimizin altynyn 
bahasyny caklamasynda ortaça -102.67 ya - da 4102.76 USD yalüyslyk 
bolmagyna garaşmalyl Mysal üçin 2007 - nji yylda Alyjylaryn baha indeksi 
410 bolan yagdayynda, ekonometriki modelimizin çaklamasyna layyklykda 
altynyü bahasy 432.8 USD bolmagyna garaşylyar. Yagny: 


Gold Price, = 216.89 + 1.028(CPI), 
Gold Price, = 216.89 + 1.028 * 210 = 432.8 USD/ounce 


Yöne, biziü çaklamamyzyü yalüyşlygy 102.67 USD deň, onda, 2007 - nji 
yylda altynyü bahasy (432.8 - 102.67) 330 USD € altyn baha < (432.8 + 
102.67) 535 USD aralygynda bolar!yagny: 


5. Alyjylaryü baha indeksinin T - test hasabaty 2.55 diymek: 1974 - 2006 - 
niy Yyllar arasynda altynyü bahasynyü  oynamagynda inflyasiyanyn 
ühmiyetli orny bardyr (significant). df, = 31 bolan ekonometriki modeliñ 
95% áhtimallyk bilen islendik garaşsyz görkeziiisiniü bagly górkezijisi 
üçin áhtimallygyny subut etmek üçin T - test netijesi şu aralykda 
bolmaly dâl, yagny: 


—2.021 < T — test < 2.021 


d Biz kafisentiniü ekonometriki seljerilisi geçirilenok! 
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Regressiyamyzdaky ñ, kafisentimizin T - test netijesi, 2.55, munyü 
daşyndal Diymek, ñ, kafisentimiz bagly görkeziii üçin öhmiyetlil 


6. OLS usuly bilen tapan fj; kafisentimizii “nâdogry” bolma áhtimally 
1.5% (P - value -0.015 yagny göterimde bu 1.5% afladyar). 


7. F - test hasabaty = 6.5 diymek: Garaşsyz gérkezijilerin bagly górkeziji 
üçin áhmiyetli hasap edilmegi üçin F - test hasabaty numeratory = 1 ve 
denominatory 31 üçin 95% dhtimallyk bilen 4.08  gecmelidi, 
regressiyamyzdaky F - test hasabaty 6.5 boldy, bu,  garassyz 
gorkezijilerin bagly górkeziji üçin áhmiyetlidigini anladyar. 


8. Lower 955 = 0.2078 ve Upper 955 = 1.848 diymek: 955 öhtimallyk bilen, 
hakyky 8, 0.2078 bilen 1.848 aralygynda! 


9. Ekonometriki modelimizin yalüyşlyklarynyü Skewness = 0.9, Kurotises = 
1.42 (Şekil - 28) we Jargue - Bera testiniü netijesi = 7.9 yagny: 
yalüyşlyklarymyzyü “adatylyk” yagdayy gowy, yagny, maglumatlarymyzyü 
adatdan daşary yagdayy yok! 


Şekil - 28 

Residuals 
Mean 4.13407E-14 
Standard Error 17.59236207 
Median 5.177710685 
Mode #N/A 
Standard Deviation 101.060426 
Sample Variance 10213.20971 
Kurtosis [ 1.424216768İ 
Skevvness 0.904135285 
Range 461.5013158 
Minimum -150.5573222 
Maximum 310.9439935 
Sum 1.36424E-12 
Count 33 


Exercise 5.9": 1985 - nji yylda ABŞ - yü 50 velayatynda ve 1 - Kolumbiya 
avtonom etrabyndaky (jemi 51 maglumat Şekil - 29) mekdeplerinde mugallymlaryn 
ortaça aylygy (yyllyk hasaplanylyar) (Pay) bilen jemi şol yeriü ilatynyü 


“ Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 137, Exercise 5.9 
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yyllyk mekdep üçin çykdaiylarynyü (Spend) arasynda baglanysygyny ekonometriki 
seljeris etmek isleyân ykdysadçy şu ekonometrik modeli saylap alyar: 


Pay, = Bı + B2(Spend), + Ut 


Şekil - 29 
TABLE 5.5 Se CLS QF EE EE 
Average Salary and Observation Salary Spending Observation Salary Spending 
Per Pupil Spending 1 19,583 3346 27 22,795 3366 
(dollars), 1985 2 20,263 3114 28 21,570 2920 
3 20,325 3554 29 22,080 2980 
7:55: 4 26,800 4642 30 22,250 3731 
ëss, 5 29,470 4669 31 20,940 2853 
Nov. 7, 1986. 6 26,610 4888 32 21,800 2533 
7 30,678 5710 33 22,934 2729 
8 27,170 5536 34 18,443 2305 
9 25,853 4168 35 19,538 2642 
10 24,500 3547 36 20,460 3124 
11 24,274 3159 37 21,419 2752 
12 27,170 3621 38 25,160 3429 
13 30,168 3782 39 22,482 3947 
14 26,525 4247 40 20,969 2509 
15 27,360 3982 41 27,224 5440 
16 21,690 3568 42 25,892 4042 
17 21,974 3155 43 22,644 3402 
18 20,816 3059 44 24,640 2829 
19 18,095 2967 45 22,341 2297 
20 20,939 3285 46 25,610 2932 
21 22,644 3914 47 26,015 3705 
22 24,624 4517 48 25,788 4123 
23 27,186 4349 49 29,132 3608 
24 33,990 5020 50 41,480 8349 
25 23,382 3594 51 25,845 3766 
26 20,627 2821 


a) EXCEL - de ilki bilen Mugallymlaryü aylygy (Y) bilen Yyllyk mekdebe 
çykdaiyny (X) SCATTERPLOT edip iki górkezijiniá arasynda onayly gatnaşygyü 
barlygyny góreliü (Şekil - 30). 

Şekil - 30 
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b) Regressiya  netijenamasy aşakda (Şekil - 31)  berilen:  Regressiya 
netijenamasyna layyklykda ekonometriki modelimiz: 


Pay, = 12129.37 + 3.3(Spend), 


Yagny, 1985 - nji yylda iemlenen statistiki maglumata layyklykda, ABŞ - da 
ilatyn mekdebe yyllyk çykdaiysyny 1 USD artdyrmagy, mugallymlaryn ortaça 
aylygynyn 3.3 USD yokarlanmagyna getiryár. Mugallymlarynyn aylyklaryndaky 
üftgesmeleriü 69% sebâbi ilatyü mekdebe çykdaiysy bolup duryar (R^ = 0.69). 
Ekonometriki modelin Mugallymlaryü aylygyny çaklama yalüyşlygy +2324 USD 
(Standard Error = 2324 USD). Modelimiziü ESS = 608555014.6: RSS = 264825250: 
TSS = 873380264.6. Garaşsyz górkeziji bolan ilatyn mekdebe yyllyk cykdajysy 
mugallymlaryn aylygyny kesgitlemekde/tâsir etmekde âhmiyetli yeri eyelyàr (T - 
test = 10.6). Garaşsyz görkeziiiniü âhmiyetlidigini F - test = 112.5 hem 
tassyklayar (Garassyz górkezijiler bagly górkezijá áhmiyetli bolmagy üçin F - 
test numerator 1, denominator 50 - à den bolan ekonometrik modeller üçin 95% 
áhtimallyk bilen 4 - den uly bolmaly!). 


c) Regressiya, ykdysady düşünjâ dolulygyna layyk gelyâr, bu regressiya 
layyklykda:  Ilat jemgyyetçilik mekdeplerine  cykdajysyny  artdyrdygyca 
mugallymlaryü aylygynyü yokarlanmagynyn esasy sebabi, cykdajylaryn belli 
bir bölegini ilatyn çekmekligi sebápli byujetden mugallymlaryü aylygyna 
has köprâk puluü geçirilmegi bolmagydyr! Yagny, byujetii belli bir 
çykdajysyny ilatyü özi çekyanligi üçin, hökümet artyk galan pullary 
mugallymlaryn aylygyna geçirip biler. 


d 


— 


Ilkinji gipotezamyzyü Ho-3 (3 - e den bolma pikirini) dogrulygyny kabul 
etmün bilemzok (yagny f,-3 bolup bilyár) sebábi T - testimizin netijesi = 
0.98 çykdy, Yagny: 


Ilkinji gipotezamyzyü dogrulygyny kabul etmàn bilemzok: — 2 < T —test < 2 


Ilkinji gipotezany kabul edemzok: — 2 > T —test; ýa — da T — test > 2 


f; — Ho 3.3- 3 
standard error of (62) 0.3117 


e) Ilatyí  mekdebe yyllyk çykdaiysynyü 5000 USD bolanda  mugallymlaryi 
aylyklarynyü çaklamasy takmynan 28667 USD bolar, yagny: 


Pay, = 12129.37 + 3.3(Spend), 


Pay, = 12129.37 + 3.3 * 5000 = 28667 USD 
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Modelimiziü çaklama yalüyşlyoy (Standard Error) = 2324 USD bolany üçin, hakyky 
(Y), mugallymlaryü yyllyk aylygy 26343 USD € Y < 30992 USD aralygynda bolma 
öhtimallyoy 69%! 


f 


— 


Munyü üçin bolsa, 


Kurtoises hasaby gerekli. 
STATISTICS arkaly tapylar (Şekil - 32). Yagny: 


Şekil - 31 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.834734254 
R Square 0.696781275 
Adjusted R Squa! 0.690593138 
Standard Error 2324.778901 
Observations 51 
ANOVA 
df SS MS F Significance F 

Regression 1 608555014.6 608555014.6 112.5995188 2.7069E-14 
Residual 49 264825250 5404596.939 
Total 50  873380264.6 

Coefficients Standard Error t Stat P-value Lower95% Upper95% Lower 95.026 Upper 95.0% 
Intercept 12129.37102 1197.350804 10.13017319 1.30813E-13 9723.20449 14535.5375 9723.20449 14535.53755 
Spending (X) 3.307585004  0.311704267 10.61129204 2.70687E-14 2.68119183 3.93397818 2.68119183 3.933978179 
7 x x “ an . . . 
Yalnyslyklaryn adatylyoyny Jarque - Bera testi bilen subut edip bolar. 


ilki bilen yalüyşlyklarymyzyü (residuals) Skewness we 


Muny tapmak üçin DATA  ANALYSIS/DESCRIPTIVE 


Şekil - 32 
Residuals 

Mean -2.13999E-13 
Standard Error 322.2623764 
Median -217.5192306 
Mode #N/A 

Standard Deviation 2301.413696 
Sample Variance 5296505 
Kurtosis -0.085183467 
Skewness 0.514379827 
Range 9377.318222 
Minimum -3847.975726 
Maximum 5529.342496 
Sum -1.09139E-11 


Count 


51 
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Yokarda (Şekil - 32) görnüşi yaly yalüyşlyklaryü Skewness = 0.51 ve Kurtoises 
= - 0.085, onda Jarque - Bera test netijesi: 


T — Bera test = > 57 E 
* 
Ja que era tes n + 


= 22.48 


(0.51)2 (—0.085 — 3)? 
77 24 | 


Jarque — Bera test = 51 * | 


"Birkemsiz adaty” Jarque - Bera testin netijesi = 0 bolardy, górsüüiz yaly 
bu modelimizin testi maglumatlarymyzda azrak “adatdan daşary” yagdaylaryü 
bardygy górünyár! 


Exercise 5.1978: 1980 - 2006 - niy Yyllar arasynda ABS - da Alyjylaryü Baha 
Indeks (CPI) we Lomay Baha Indeksi (WPI) berilen (Sekil - 33). 


Sekil - 33 
TABLE 5.10 
PPI (Total 
ied Kate CPI Total Finished Goods) 
22002) 1980 82.4 88.0 
President, 2007, Tables B-62 ` 1981 90.9 96.1 
and B-65. 1982 96.5 100.0 
1983 99.6 101.6 
1984 103.9 103.7 
1985 107.6 104.7 
1986 109.6 103.2 
1987 113.6 105.4 
1988 118.3 108.0 
1989 124.0 113.6 
1990 130.7 119.2 
1991 136.2 121.7 
1992 140.3 123.2 
1993 144.5 124.7 
1994 148.2 125.5 
1995 152.4 127.9 
1996 156.9 131.3 
1997 160.5 131.8 
1998 163.0 130.7 
1999 166.6 133.0 
2000 1722 138.0 
2001 177.1 140.7 
2002 179.9 138.9 
2003 184.0 143.3 
2004 188.9 148.5 
2005 195.3 155.7 
2006 201.6 160.3 


“ Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page l4l,Exercise 5.19 
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a) Regressiya başlamazdan op. iki górkezijini EXCEL - de scatterplot edeliñ: 
CPI (Y) we WPI (X). Aşakda (Şekil - 34) górsüüiz yaly iki görkeziji 
arasynda ofiayly gatnasyk (positive correlation) bar (birisinin ösmegi 
beylekisiniü hem ösmegine getiryár). 


Sekil - 34 


CPI - PPI 


€ CPI - PPI 


b) Alyjylar  harytlaryny bölekleyin satylyan dükanlardan/telekeçilerden 
alyarlar. Bölekleyin sövda edyán telekeçiler ve dükanlar bolsa harytlaryny 
lomay satyan telekeçilerden alyarlar. Lomay bahalaryn galmagy, bölekleyin 
satuwyn hem bahalarynyn galmagyna getirer. Şonuü üçin, CPI bagly görkeziji, 
WPI bolsa garaşsyz górkeziji bolar. 


c) Aóakda (Şekil - 35) regressiya netijenama görkezilen. 


Şekil - 35 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.992695368 
R Square 0.985444094 
Adjusted R Square 0.984861858 
Standard Error 4.266824029 
Observations 27 
ANOVA 
df SS MS F Significance F 

Regression 1 30813.58495 30813.5849 1692.516 1.7361E-24 
Residual 25 455.1446823 18.2057873 
Total 26 31268.72963 

Coefficients Standard Error tStat P-value Lovver 95726 Upper 9526 | Lower 95.026 Upper 95.0% 
Intercept -81.01611131 5.492246036 -14.750998 7.65E-14 -92.3276038 -69.7046189  -92.32760377 -69.70461886 
PPI 1.817619853 0.044181115 41.1401984 1.74E-24 1.72662714 1.908612563 1.726627142 1.908612563 | 
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Regressiya layyklykda ekonometriki modelimiz: 
CPI, = —81 + 1.81(PPI), 


Lomay baha indeksiniü 1 indeks yokarlanmagy, bölekleyin baha indeksiniü 1.81 
indeks yokarlanmagyna getiryâr. Bölekleyin bahalaryü takmynan 99% - i lomay 
bahalara bagly! (R”-0.985). F - testin (1692 > 4.23) we T - testin (41.14 > 
2.056) hasabatlaryna layyklykda lomay bahalar, bölekleyin satuw bahalaryny 
kesgitlemek üçin öran áhmiyetli górkeziji. ESS = 30813.58: RSS = 455.14: TSS = 
31268.73. Ekonometriki modelimiziü CPI çaklama yalüyşlyguy (CPI prediction 
error) +4.26 (Standard Error). Iki  górkeziji arasyndaky CORRELATION, 
bag lanyşygyü güyjüni, DATA ANALYSIS/CORRELATION arkaly hem bilip bolyar (0.99, 
), Yagny (Şekil - 36): 


Şekil - 36 
CPI PPI 
CPI 1 | 
PPI 0.992695368 11 


d) Skewness, Kurtoises (Şekil - 37) we Jarque - Bera testi (13.4) netijelerine 
layyklyka  ekonometriki modelimiziü yalüyşlyklaryü "ujypsyz derejede 
adatdan daşary” yagdayy bar (adaty diysek yalüyş bolmaz). 


Şekil - 37 
Residuals 

Mean -7.89492E-15 
İStandard Error 0.805204476 
Median -0.000436826 
Mode #N/A 

Standard Deviation 4.183965189 
Sample Variance 17.5055647 
Kurtosis -0.45265638 
Skewness -0.034006667 
Range 17.19706485 
Minimum -8.748351089 
Maximum 8.448713761 
Sum -2.13163E-13 
Count 27 


— b test — — + —— = 13.4 
Jarque era tes n* 6 24 


S? (K-3)1- (-0.034? (—0.45 — 3)71 _ 
6 24 QOEM 7 
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4 - NJI BÖLÜM REGRESSIYA 2 


Yekeje garaşsyz górkezijisi bolan modelleriü regressiyasyny geçen 
bölümde gördük. Garaşsyz görkezijisi köp bolan ekonometriki modellerin 
seljerisi hem edil geçen bólümde górkezilen Yaly edilyür. Yöne, garaşsyz 
górezijisi birden köp bolan modelleriá seljerisini elde etmek órán vagt alyjy 
we çylşyrymly bolany üçin, biz  diüe yörite  ekonometriki seljeriş 
programmalaryny ulanmaly bolarys. Ekonometriki seljeriş programmalary az 
dâldir: STATA, EVIEWS ve beylekiler. Bularyn iñ arzany ve ulanyşy iñ afsady 
EXCEL - iñ DATA ANALYSIS programmajygydyr. Yokarda dhli seljerisimizi sol 
programmada etdik, we indiki seljerisleriñ âhlisi hem sonda dowam ederis. 
EXCEL - de garassyz górkezijileri köp bolan regressiya amala aşyrylanda, 
garaşsyz görkezilileriüiziü arasynda “boş sütün” bolmaly dáldir, sebâbi 
penjirejige maglumaty salanyüyzda dhli garaşsyz górkezijileri birlikde salmaly 
bolyansyüyz. Eger bularyü arasynda boş sütün, ya - da başga bir maglumatlar 
bar bolsa muny EXCEL regress etmeyâr! 


Exercise 7.17: Wildcats - nebit ya - da tebigy gaz yatagyny gözleg ve barlag 
üçin gazylyan çuññur guyylara diyilyâr. Aşakda (Şekil - 1) 1978 - nji yylda 
ABŞ - yü meilisine berlen hasabatdan alnan statistiki maglumatlar görkezilen: 


Y - açylan guyylaryü sany 
Xa - 1 barrel nebitiü bahasy (USD, geçen döwür) 
X; - ortaça gündelik nebit önümçiligi (milliyon barrelde) 
X, - Jemi Içerki Önüm (milyard USD) 
X; - dövür (trend) 


Soragda şu aşakdaky ekonometriki modelin regressiyasyny talap edyárler, yagny: 
Y, = B4 + 62Xzt + BslnXa, + D4Xa4c + Bo Xse + U+ 


Eger üns beren bolsaňyz,X; (ortaça gündelik nebit önümçiligi), logarithm 
(natural logarithm) alnan. Ekonometriki modellerde górkezijileriü matematiki 
gurlusyny üytgetmek  tebigydyr! Sebâbi şeytmek bilen, biz  ekonometriki 
modelimizi çaklama güyjüni artdyryarys we RSS kiceldyáris. Logarithm alnan 
górkeziji, mundan beylök “göterimde” afiladylar. Muny gelejek 
regressiyalardan has hem gowy düşünersiüiz. EXCEL - de islendik óyjükde 
görkezilen sanyü logarithmi almak mümkindir” 


9 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 219,Exercise 7.17 
20 EXCEL /FORMULAS 


TABLE 7.7 
Wildcat Activity 


Source: Energy Information 
Administration, 1978 Report to Thousands 
adan of VVildcats, 
(7) 
8.01 
9.06 
10.31 
11.76 
12.43 
13:31 
13.10 
14.94 
16.17 
14.71 
13.20 
15:19 
11.70 
10.99 
10.80 
10.66 
10.75 
9.47 
10.31 
8.88 
8.88 
9.70 
7.69 
6.92 
7.54 
7.47 
8.63 
92] 
9:23 
9.96 
10.78 


a) Ekonometriki modeliñ maksady, 


Per Barrel 
Price, 
Constant $ 


(Xə) 
4.89 
4.83 
4.68 
4.42 
4.36 
4.55 
4.66 
4.54 
4.44 
4.75 
4.56 
4.29 
4.19 
4.17 
4.11 
4.04 
3.96 
3.85 
3.75 
3.69 
3.56 
3.56 
3.48 
3.53 
3.39 
3.68 
5.92 
6.03 
6.12 
6.05 
5.89 


Şekil-1 


Domestic 
Output 
(millions of 
barrels 
per day) 


(X3) 
5:52 
5.05 
5.41 
6.16 
6.26 
6.34 
6.81 
7:5 
717 
6.71 
7.05 
7.04 
7.18 
7.33 
7.54 
7.61 
7.80 
8.30 
8.81 
8.66 
8.78 
9.18 
9.03 
9.00 
8.78 
8.38 
8.01 
7.78 
7.88 
7.88 
8.67 


GNP, 


Constant 
$ Billions 


(Xa) 
487.67 
490.59 
533.55 
576.57 
598.62 
621.77 
613.67 
654.80 
668.84 
681.02 
679.53 
720.53 
736.86 
755.34 
799.15 
830.70 
874.29 
925.86 
980.98 

1,007.72 
1,051.83 
1,078.76 
1,075.31 
1,107.48 
1,171.10 
1,234.97 
1,217.81 
1,202.36 
1,271.01 
1,332.67 
1,385.10 


Time 

(Xs) 
1948 =1 
1949 =2 
1950 =3 
1951-4 
1952-5 
1953 =6 
1954=7 
1955=8 
1956 =9 
1957 =10 
1958 =11 
1959 = 12 
1960 = 13 
1961 =14 
1962=15 
1963 = 16 
1964 — 17 
1965 —18 
1966 — 19 
1967 — 20 
1968 — 21 
1969 — 22 
1970 — 23 
1971 — 24 
1972 2 25 
1973 — 26 
1974 — 27 
1975 — 28 
1976 — 29 
1977 — 30 
1978 = 31 
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nebit guyylaryna talaby  cykarmakdyr! 


(Estimate demand for wildcats). Ykdysadcy, bu ekonometriki modela arkaly, 
nebit guyylarynyü sanynyü  artmagyna/azalmagyna haysy faktorlaryn na 


derejede tasir edyándigini tapmak isleyâr. 


b) Regressiya layyklykda ekonometriki modelimiz: 


Y, = —37.18 + 2.77X>, + 24.15InX;, — 0. 01X4: — 0.21X5, 


F - testiü (12.39 > 2.74)? hasabatyna layyklykda górkezijileriü umumy 
âhmiyetliligi bagly górkeziji üçin yokaryl T - testin netijeleri boyunça X, 


2t Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 884. Numerator - 
4, Denominator = 26, 956 áhtimallyk bilen áhmiyetli bolmak üçin F - test > 2.74 bolmaly! 
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(Jemi Içerki Ünüm, T - test = -1.4) we X; (Dówürler, T - test = -0.82)” 
görkezijislerinin, nebit guyylaryn talabynyü artmagyna ya - da peselmegine 
tâsiri yok (âhmiyetsiz górkezijiler). Ahmiyetli bolmanlygy üçin ekonometriki 
seljerisde bu  górkezijiler  ulanylanok!  Ekonometriki modelimiz,  nebit 
guyylarynyü sanynyü artmagy ya - da azalmagy sebâplerinil takmynan 65% 
garaşsyz górkezijileriü düşündirip biljegini netijesinde (R”-0.65). Regressiya 
netijenamamyza layyklykda: 1 barrel nebtiü bahasynyü 1 USD gymmatlamagy, 
guyylaryñ sanynyü 2.77 yokarlanmagyna getirer (f, = 2.77): ortaça gündelik 
nebit önümçiliginiü 1% yokarlanmagy, guyylaryü sanynyn 0.24 artmagyna getirer 
(Ê; = 24.1); ESS = 109: RSS = 57: TSS = 166. Ekonometriki modelimiziii guyylaryiü 
gurluşynyü sanyny çaklama yalnyslygy (prediction error, standard error) 


+1.48.Asakda (Şekil - 2), soragda berilen ekonometriki modelii 
regressiyasynyn netijenamasy görkezilen. 
Sekil - 2 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.809899819 
R Square 0.655937716 


Adjusted R Squa. 0.603005057 
Standard Error 1.484129934 


Observations 31 
ANOVA 

df SS MS F Significance F 
Regression 4 109.1799104 27.29498 12.39193 9.0208E-06 
Residual 26 57.26868319 2.202642 
Total 30 166.4485935 


Coefficients Standard Error. t Stat P-value | Lower 9596 | Upper 95% Lower 95.0% Upper 95.0% 


Intercept -37.18600386  12.87742616 -2.88769 0.007717, -63.655932 -10.716075  -63.655932 -10.7160753 | 
x2 2.77501206 0.570645876 4.862932 4.83E-05 1.60203266 3.94799146 1.60203266 3.947991457 | 
InX3 24.15213461  5.586753112 4.323108 0.0002 12.6683991 35.6358701 12.6683991 35.63587009 | 
x4 -0.010842055 0.007575255 -1.43125 0.164271  -0.0264132  0.0047291 -0.0264132 0.004729104 


x5 -0.213484592 0.259167494 -0.82373 0.417584 -0.746211 0.31924182  -0.746211 0.319241821 | 


c) Nebitin bahasy gymmatladygyca táze nebit guyylarynyü gurluşynyü artmagyna 
garaşardyk,  regressiyamyzyü ` netijenamasy muny  tassyklayar! Nebit 
önümçiliginiü artmagy, guyylaryü sanynyün armtagyna getirerdi, regressiya 
netijenama muny  tassyklayar! Aslynda,  ykdysadyyetiü ösmegi  energiya 
talabyny ósdürmeli, yöne, regressiyamayzda ykdysadyyetin ösmegi we ilerki 
dövürleriü, nebit guyylarynyü sanynynyü armtagyna ya - da peselmegine 
áhmiyeti yok diyip górkezyár. Munyü sebábi şulardan biri bolup biler: 1) 
ykdysadyyetiü ösmegi bilen has arassa energiya çeşmesine geçmeklik - yel, 


? Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 879. Df-30 üçin, 
95% âhtimallyk bilen górkeziji âhmiyetli bolmagy üçin T - test € -2.042 ya - da T - test > 2.042 
bolmalyl 
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gün, wodorod, we ş.m. 2) ABS - a nebitiü importunyü artmagy. yerli nebit 
önümçiligini hayyallatmagy ya - da düşürmegi 3) ilerki dövürlerde 
energiyany has tygsytly ulanmak tehnologiyasynyü yokarlanmagy, nebitin 
önümçilik mukdaryny artdyrman, has kóprák energiya almak. 


d) Regressiyamyza nebitii ve beyleki çeşmelerden energiyanyi Yerli 
önümçiligini ve importuny (2 görkeziiini) hökman goşmaly, sebábi 1) ABS - 
da şol döwürlerde energiya cesmelerinin üytgeme hâsiyetini görmek üçin 2) 
nebite basdaş bolan tebigy gaz ve beyleki energiyalaryn bahasyny hem 
regressiya goşmaly (iñ bolmanda tebigy gazyü bahasyny) sebábi bularyü 
bahalary, nebitiü talabyna gaty köp tásir edip bilyár. 


Exercise 7.18“: 1962 - 1981 yyllary aralygynda AŞB - yü goranmak 
çykdaiylarynyü (byujetden goranmak üçin çykdaiylarynyü) haysy faktoralaryn 
tasir edengigine ekonometriki seljeris geçirmek üçin aşakdaky (Şekil - 3) 
statistiki maglumat ve ekonometriki model teklip edilyür: 


Şekil - 3 
TABLE 7.8 Defense U.S. Military Aerospace 
575 Budget Sales/ Industr Conflicts 
Outlays, 1962-1981 5 : y | 
3 Outlays GNP Assistance Sales 100,000-- 
Source: These data vvere Year (Y) (Xə) (X3) (X2) (Xs) 
2” 11957 51.1 560.3 0.6 16.0 0 
publications. 1963 523 590.5 0.9 16.4 0 
1964 53.6 632.4 Lol 16.7 0 
1965 49.6 684.9 1.4 17.0 1 
1966 56.8 749.9 1.6 20.2 1 
1967 70.1 793.9 1.0 23.4 1 
1968 80.5 865.0 0.8 25.6 1 
1969 81.2 931.4 iə 24.6 1 
1970 80.3 992.7 1.0 24.8 1 
1971 77.7 1,077.6 1.5 21:7 1 
1972 78.3 1,185.9 2:95 2155 1 
1973 74.5 1,326.4 4.8 24.3 0 
1974 77.8 1,434.2 10.3 26.8 0 
1975 85.6 1,549.2 16.0 29.5 0 
1976 89.4 1,718.0 14.7 30.4 0 
1977 97.5 1,918.3 8.3 33.3 0 
1978 105.2 2,163.9 11.0 38.0 0 
1979 11127 2,417.8 13.0 46.2 0 
1980 135.9 2,633.1 153 57.6 0 
1981 162.1 2/9377. 18.0 68.9 0 


Y, = By + P2X2t + P3X3t + Ba Xaç + BsXse + Ue 


> Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009 page 219,Exercise 7.18 
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Y - goranmak üçin çykdaiy (milyard USD) 
X, - Jemi Içerki Önüm (milyard USD) 
X; - ABS - yü beren harby Yardamy (milyard USD) 
X, - yerli harby önümçilik pudagynyü önümçiligi (milyard USD) 
Xs - 100,000 ABŞ esgerinin gosulan halkara harby çaknyşyklary (1 - eger şol 
yyl şeyle yagday dörön bolsa, 0 - eger şol yyl beyle yagday döremedik bolsa) 


a) Regressiya layyklykda ekonometriki modelimiz: 
Y, = 19.44 + 0.018X>, — 0.284X;, + 1.34X4, + 6.33Xs, 


Regressiya netijenama (Şekil - 4) layyklykda: F - testiñ (163.7 > 3.06)” 
hasabatyna layyklykda górkezijileriá umumy âhmiyetliligi bagly görkeziji 
üçin yokaryl T - testiü netijeleri boyunça dine X; (ABŞ - yü beren harby 
yardamy, T - test = -0.62)“ görkezijisinik, byujetden  goranmak 
çykdajylarynyi artmagyna Ya - da peselmegine tâsiri yok  (áhmiyetsiz 
görkeziji). Ekonometriki modelimiz, ABŞ - yü byujetinden goranmak üçin 
çykdaiylarynyü artmagynyü ya - da azalmagy sebápleriniün takmynan 98% 
düşündirip bilyâr (R”-0.977). Regressiya netijenamamyza layyklykda: Jemi 
Icerki Önümiü 1 milyard USD artmagy, goranmak üçin çykdaiylaryü 18 milyon 
USD artmagyna getiryar ($, = 0.018)26. Yerli harby önümçilik pudagynyñ 
önümçiliginiü 1 milyard USD artmagy, goranmak üçin cykdajylaryn 1.3 milyard 
USD artmagyna getirer (8, = 1.34): 100,000 ve ondan köp esger gerek bolan 
çaknysyklaryñ bolmagy, goranmak üçin çykdaiylaryü 6.3 milyard USD artmagyna 
getirer (f, = 6.33): ESS = 15597: RSS = 357: TSS = 15954. Ekonometriki 
modelimizin ABŞ - yü goranmak üçin çykdaiylaryny caklama yalnyslygy 
(prediction error, standard error) +4.88 milyard USD (Mysal üçin 1982 - 
nji yylda X;-3100, X4-70, Xs-0 bolanda, çaklama (Y) goranmak cykdajy 169.44 
milyard USD bolar. Yöne, ekonometrik modelimizin yalüyşlygy +4.88 milyard 
USD bolany üçin, 95% âhtimallyk bilen çaklama goranma cykdajymyz 

4.88) 164.56 < (7) < 174.32 (169.44 + 4.88) milyard USD aralygynda bolar) 


b 


— 


Ykdysadyyetiñ ösmegi, goranma çykdaiylarynyü artmagyna getirmeli sebâbi 
ykdysadyyetiü ösmegi netijesinde jemgyyet cykdajylarynyn (public spending - 


^ Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 882. Numerator - 
4, Denominator - 15, 95$ áhtimallyk bilen áhmiyetli bolmak üçin F - test 5 3.06 bolmaly! 

> Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 879. Df-19 üçin, 
95% ahtimallyk bilen górkeziji âhmiyetli bolmagy üçin T - test € -2.093 ya - da T - test > 2.093 
bolmaly! 

2° 0.018*1000, 000, 000218, 000 , 000 
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bilime, arassaçylyga, saglyga, ve s.m.) áhlisi diyen yaly artyar. Goranma 
cykdajysy hem jemgyyet cykdajylaryna giryândigini unutmaü. Yerli harby 


pudagyn önümçiliginiü  artmagy ve 


iri 


cykdajysynyn artmagyna getirmegi tebigydyr. 


caknysylaryn  artmagy, goranma 


Şekil - 4 
SUMMARY OUTPUT 
Regression Statistics 

Multiple R 0.988740889 
R Square 0.977608546 
Adjusted R Square 0.971637492 
Standard Error 4.880186346 
Observations 20 
ANOVA 

df SS MS F Significance F 
Regression 4 15597.20472 3899.3012 163.724612 3.5186E-12 
Residual 15 357.2432816 23.816219 
Total 19 15954.448 

Coefficients Standard Error ` tStat P-value Lower 95% Upper 9576 Lower 95.0% Upper 95.096 

Intercept 19.44344703 3.406056368 5.7084924 4.1427E-05 12.1836097 26.7032843 12.18360973 26.70328433 
(X2) 0.01805644 0.006410764 2.8165816 0.01301668 0.00439222 0.03172066 0.00439222 0.03172066 
(X3) -0.284219834 0.457280587 -0.621544 0.54357339 -1.2588903 0.69045067 -1.25889033 0.690450665 
(X4) 1.343195188 0.259258 5.1809209 0.00011176 0.79059984 1.89579053 0.790599842 1.895790534 | 
(X5) 6.331794174 3.029537572 2.09002 0.05406014 -0.1255123 12.7891007 -0.12551231 12.78910066 | 


c) ABS - yñ geosyyasy básdesleriniü (1962 - 1981 yyllarda esasylary Hytay we 
Sovet Soyuzy) goranma cykdajylaryny hem regressiya goşsak kem bolmazdy, 
sebâbi, bularyn ABŞ - a tásiri örân yokaryl Geosyyasy básdesleriü goranma 
çykdaiylaryny artdyrmalary, dessine ABS - yü hem goranma cykdajylaryny 
artdyrmagyna getirmegi gerekli bolardy. 


EXERCISE 7.197: 1960 - 1982 yyllar aralygynda ABŞ - da towuk etine talabyü 
ekonometriki seljerişini geçirmek üçin aşakdaky (Şekil 


maglumat berilen. 


Y - adam başyna tükedilen towul eti (LB, pound) 


Xa - adam başyna düşyün girdeji (USD) 
X; - tovuk etini bahasy (cent/LB)? 
X, - doüuz etini bahasy (cent/LB) 
Xs - sygyr etiniü bahasy (cent/LB) 
Xs - sygyr we dofuz etiniü ortaça bahalary^ (cent/LB) 


5) statistiki 


”7 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 220,Exercise 7.19 


281 USD = 100 cent 
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Şekil - 5 
TABLE 7.9 — Year Y Xə Xs X, Xs Xs 
e Mi me 27.8 397.5 42.2 50.7 78.3 65.8 
1961 29.9 413.3 38.1 52.0 79.2 66.9 
Source: Data on Yare fom 1962 29.8 439.2 40.3 54.0 79.2 67.8 
E deen 30.8 459.7 39.5 55.3 79.2 69.6 
Ald Tən xsl. 1964 31.2 492.9 37.3 54.7 77.4 68.7 
Rober J. Fisher for collecting — 1965 33.3 528.6 38.1 63.7 80.2 73.6 
05” € 0: 35.6 560.3 39.3 69.8 80.4 76.3 
1967 36.4 624.6 37.8 65.9 83.9 77.2 
1968 36.7 666.4 38.4 64.5 85.5 78.1 
1969 38.4 717.8 40.1 70.0 93.7 84.7 
1970 40.4 768.2 38.6 73.2 106.1 93.3 
1971 40.3 843.3 39.8 67.8 104.8 89.7 
1972 41.8 911.6 39.7 79.1 114.0 100.7 
1973 40.4 931.1 52.1 95.4 124.1 113.5 
1974 40.7 1,021.5 48.9 94.2 127.6 115.3 
1975 40.1 1,165.9 58.3 123.5 142.9 136.7 
1976 42.7 1,349.6 57.9 129.9 143.6 139.2 
1977 44.1 1,449.4 56.5 117.6 139.2 132.0 
1978 46.7 1,575.5 63.7 130.9 165.5 132.1 
1979 50.6 1,759.1 61.6 129.8 203.3 154.4 
1980 50.1 1,994.2 58.9 128.0 219.6 174.9 
1981 517 2,258.1 66.4 141.0 221.6 180.8 


2,478.7 


Şu aşakdaky ekonometriki modellerini haysysynyn has dogry modeldigini barlamaly 
(Üns beriül Âhli maglumaty ilki bilen logarithm şekline övürmelisifizl): 


1. my, = a, + azlnXz: + aslnX;, +u, (Şekil - 6) 
2. InY, = y, + y2]nX;, + yılnXşı + y 4lInX4, +u, (Şekil - 7) 
3. [InY, = & + g;InX;, + sslnX;, + £4InXs, +u, (Şekil - 8) 
4. [nY, = 0, + 05InX;, + 0,.InXs, + O4InX4, + 0s]InXs, +u, (Şekil - 9) 
B. InY, = B, + B5lnX;, + B3lnX3; + B4lnXg, +u, (Şekil - 10) 


Sekil - 6 


? [(Sygyr eti mukdary)*l LB sygyr eti bahasy + (Doñuz eti mukdary)*1 LB doñuz etiniñ bahasy)]/Jemi sygyr 
eti we doñuz eti mukdary 


SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.989987094 
R Square 0.980074446 
Adiusted R Square 0.978081891 
Standard Error 0.02778253 
Observations 23 
ANOVA 
df SS MS F Significance F 

Regression 2 0.759315471 0.37965774 491.86811 9.86516E-18 
Residual 20  0.01543738 0.00077187 
Total 22  0.77475285 

Coefficients Standard Error tStat P-value Lower 9596 Upper 9596 Lower 95.096 Upper 95.0% 
Intercept 2.032819878 0.116182854 17.4967288 1.3639E-13 1.790466692  2.275173064 1.790466692 2.275173064 
Lnx2 0.451527594 0.024694752 18.2843539 5.9404E-14 0.400015244  0.503039945  0.400015244 0.503039945 
LnX3 -0.372211672 0.063466014 -5.86473998  9.7581E-06 -0.50459946 -0.239823886  -0.504599458 -0.23982389 


Sekil - 7 


SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.990711501 
R Square 0.981509278 
Adjusted R Square 0.97858969 
Standard Error 0.027458811 
Observations 23 
ANOVA 
df ss MS F Significance F 

Regression 3  0.76042711 0.2534757 336.180778 1.23106E-16 
Residual 19 0.01432574 0.00075399 
Total 22  0.77475285 

Coefficients Standard Error t stat P-volue Lower95 Upper 9596 Lower 95.096 Upper 95.0% 
Intercept 2.125497754 0.137882084 15.4153294 3.4011E-12 1.836907234 2.414088273 1.836907234 2.414088273 
Lnx2 0.405924116 0.044791456 9.06253456 2.5072E-08 0.312174522 0.499673711 0.312174522 0.499673711 
LnX3 -0.43882486 0.083332421 -5.26595595  4.4045E-05 -0.61324162 -0.264408097 -0.613241622 -0.2644081 
Lnx4 0.106655773 0.08783833 1.21422815 0.23953751 -0.07719197  0.290503511 -0.077191965 0.290503511 


Şekil - 8 


SUMMARY OUTPUT 


Regression Statistics 


Multiple R 0.990015576 
R Square 0.98013084 
Adjusted R Square 0.976993604 
Standard Error 0.028463909 
Observations 23 
ANOVA 
df ss MS F Significance F 

Regression 3 0.759359162 0.25311972 312.418608 2.43583E-16 
Residual 19 0.015393688 0.00081019 
Total 22 0.77475285 

Coefficients Standard Error o tStat P-value Lower 9596 | Upper9596 ` Lower 95.0% | Upper 95.0% 
Intercept 2.039361783 0.122320439 16.6722896 8.4579E-13 1.783342162  2.295381404 1.783342162 2.295381404 
LnX2 0.440866735 0.052418211 8.41056429 7.907E-08 0.331154158 0.550579312 0.331154158 0.550579312 
LnX3 -0.381499851 0.076339356 -4.99742037 7.9959E-05 -0.54127996 -0.221719743 -0.541279958 -0.22171974 
LnX5 0.021366037 0.09200715 0.23222149 0.81884894 -0.17120714  0.213939214 -0.17120714 0.213939214 


Sekil - 9 
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SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.991117188 
R Square 0.98231328 
Adjusted R Square 0.978382897 
Standard Error 0.027591099 
Observations 23 
ANOVA 
df ss MS F Significance F 
Regression 4 0.761050013 0.1902625 249.928177 1.6667E-15 
Residual 18 0.013702837 0.00076127 
Total 22 0.77475285 
Coefficients Standard Error t Stat P-volue Lower 95% Upper 95% Lower 95.0% Upper 95.0% 
Intercept 2.189792281 0.155714865 14.0628339 3.7748E-11 1.862647489 2.516937073 1.862647489 2.516937073 
LnX2 0.342555112 0.083266305 4.11397035 0.00065165 0.167619096  0.517491128 0.167619096 0.517491128 
Lnx3 -0.504592444 0.110894264 -4.55021232 0.00024798 -0.73757265 -0.271612241 -0.737572646 -0.27161224 
LnX4 0.148545496 0.099672593 1.49033441 0.15345162 -0.06085885  0.357949844  -0.060858852 0.357949844 
i 7110077 0 0071935970 9015579210 3776125610 2519255 "0302702305 17 5021209255 110302702306) 
Şekil - 10 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.990102572 
R Square 0.980303103 
Adjusted R Square 0.977193067 
Standard Error 0.028340251 
Observations 23 
ANOVA 
df SS MS F Significance F 
Regression 3 0.759492623 0.25316421 315.206319 2.24262E-16 
Residual 19 0.015260227 0.00080317 
Total 22 0.77475285 
Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% | Upper 95.0% 
Intercept 2.029864925 0.118682067 17.1033836 5.3598E-13 1.781460503 2.278269347 1.781460503 2.278269347 
LnX2 0.481286252 0.068187746 7.05825139 1.0218E-06 0.338567659  0.624004844  0.338567659 0.624004844 
LnX3 -0.350627858 0.079393854 -4.41630985 0.00029652  -0.5168011 -0.184454612 -0.516801103 -0.18445461 
LnX6 -0.061035195 0.129960152 -0.46964545 0.6439534 -0.33304492 0.21097453  -0.333044919  0.21097453 


a) Teklip edilen tovuk etine talap modellerinin 1 - njisi (Şekil - 6) iñ dogry 


modeldir! Sebábi beyleki modelleriü âhlisinde X; we X; górkezijilerinden 
başga áhli górkezijileriü T - test netijeleri (X,, Xs, Xs) olaryü towuk 
etine talap üçin ühmiyetsizdiklerini görkezyür”. 


b) Regressiyamyzyü  netijenamasyna  layyklykda (Şekil - 6):  alyjylaryü 


girdejisinin 1% artmagy, towuk etine talabyü 0.45% artmagyna getiryár 
(a, = 0.45)! Tovuk etini bahasynyü 1% gymmatlamagy, towuk etine talabyn 
0.37% düşmegine getiryâr (a4 = —0.37)! 


3 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 879. Df-19 üçin, 
95% ahtimallyk bilen górkeziji âhmiyetli bolmagy üçin T - test € -2.093 ya - da T - test > 2.093 
bolmaly! 
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c) 2 - nji ve 4 - nji modellerin tapavudy: 4 - nji modelde sygyr etinin 
bahasynyü bolmagy! 


d) 4 - nii modeliü kemçiligi, towuk etine basdaş hem sygyr hem - de dofuz 
etinin bolmagy, yagny, bu etleriü áhlisiniá bir - birine basdaş önümler 
bolmagydyr! 


e) 5 - nji model, 4 - nji modelden üytgesik tapawutly dâldir, sebábi yene - de 
âhli basdas ónümleriü bir modelde bolmagydyr! 

f) Sygyr, dofüuz we towuk etleriniü arasynda sygyr eti iñ gymmat önüm, onul 
calsyrgyjy (substitute) bolsa doñuz etidir (sygyr etdinden arzanrak), ondan 
soá bolsa towuk etidir (substitute, iñ arzan et). 

g) Sekil - 10 

h) Eger - de yalüyşylyp 2 - nji model seçilen bolsady, onda regressiyamyza 


layyklykda (Şekil - 7):alyiylaryü girdeiisiniü 16 artmagy, tovuk etine 
talabyü 0.46 artmagyna getiryár (y, = 0.4)! Tovuk etiniü bahasynyn 1% 
gymmatlamagy, towuk etine talabyü 0.44% düşmegine getiryár (y, = —0.438)! 


EXERCISE 7.211: 1980 - 1998 yyllar arasyndaky puluü talap funksiyasy aşakdaky 
yaly bolan yagdayynda: 
M, = BYP rP eu 


Bu funksiyany “linear” etmek üçin, defülemöniü iki tarapynyü hem logarithmasyny 
alalyü, onda deülemámiz şu şeklini alar: 


In(M,) = In(B4) + Bz;In(Y,) + BslnG(r,) + u, 


Aşakda (Şekil - 11) berilen statistiki maglumatlaryñ esasynda regressiyany 
amala aşyralyü. Yöne, puluü talaby (M2) we jemi içerki önüm (GDP) nominal 
görkezijide bolany üçin, ve bulary hakyky (real) görkezijâ övürmeli. Muny 
amala aşyrmak üçin, puluñ talabyny ve jemi içerki önümi (logarithmik şekle 
geçirmezden op) alyiylaryü baha indeksine (CPI) bölmeli. 


Şekil - 11 


31 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 4009 page 223,Exercise 7.21 
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7: Observation GDP M2 CPI LTRATE TBRATE 
Demand for Money 


in the United States, 1980 2795.6 1600.4 82.4 [115277 11.506 
1980—1998 1981 313153 1756.1 90.9 13.45 14.029 


ET 1982 3259.2 1911.2 96.5 12.76 10.686 
ource: Economic Report of the 

e icis 1983 3534.9 2127.8 99.6 11.18 8.630 
B-1, B-58, B-67, B-71. 1984 3932.7 2311.7 103.9 12.41 9.580 


1985 4213.0 2497.4 107.6 10.79 7.480 
1986 4452.9 2734.0 109.6 7.78 5.980 
1987 4742.5 2832.8 113.6 8.59 5.820 
1988 5108.3 2995.8 118.3 8.96 6.690 
1989 5489.1 31599 124.0 8.45 8.120 
1990 5803.2 3279.1 130.7 8.61 7.510 
1991 5986.2 3379.8 136.2 8.14 5.420 
1992 6318.9 3434.1 140.3 7.67 3.450 
1995 6642.3 3487.5 144.5 6.59 3.020 
1994 7054.3 3502.2 148.2 7-37 4.290 
1995 7400.5 3649.3 152.4 6.88 5.510 
1996 7813.2 3824.2 156.9 6.71 5.020 
1997 8300.8 4046.7 160.5 6.61 5.070 
1998 5.58 4.810 


M2 (Y) = Yküysadyyetdüki pulun mukdary (emissiya edilen pullar) (milyard USD) 
GDP = Jemi içerki önüm (milyard USD) 
CPI = alyiylaryü baha indeksi (consumer price index) 
LTRATE - uzak möhletleyin dövlet borçanama kagyzlarynyü yyllyk girdejisi (3) 


TBRATE - gysga möhletleyin dövlet borçanama kagyzlarynyn yyllyk girdejisi (3) 


Şekil - 12 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.852663882 
R Square 0.727035696 
Adjusted R Square 0.692915158 
Standard Error 0.054011687 
Observations 19 
ANOVA 
df SS MS F Significance F 

Regression 2 0.124321243 0.062161 21.30786 3.0821E-05 
Residual 16  0.046676197 0.002917 
Total 18  0.170997441 

Coefficients Standard Error ` tStat P-value Lower 9596 Upper 95% | Lower95.096 ` Upper 95.0% 
Intercept 1.414531981 1.31749041 1.073656 0.298903  -1.378422921 4.207486883  -1.378422921 4.207486883 
Ln(GDP/CPI) 0.494586245 0.26864529 1.841038 0.084235  -0.074916329 1.064088819  -0.074916329 1.064088819 


Ln(LRATE) -0.051579376 0.150143061 -0.34353 0.735669  -0.369868447 0.266709696 -0.369868447  0.266709696 


a) 


b) 
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Şekil - 13 


SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.853936807 
R Square 0.729208071 
Adiusted R Square 0.69535908 
Standard Error 0.053796333 
Observations 19 
ANOVA 
df SS MS £ Significance F 

Regression 2  0.124692714 0.062346 21.54298 2.89125E-05 
Residual 16  0.046304727 0.002894 
Total 18  0.170997441 

Coefficients Standard Error _ tStat P-value Lower 9596 Upper 95% | Lower95.096 ^ Upper 95.0% 
Intercept 1.239354276 0.624452362 1.984706 0.064598  -0.084425595 2.563134147  -0.084425595 2.563134147 
Ln(GDP/CPI) 0.524310351  0.145550176 3.602265 0.002388 0.215757761 0.832862942 0.215757761 0.832862942 
Ln(TBRATE) -0.025528756 0.051333423 -0.49731 0.625733  -0.134350751 0.083293238  -0.134350751 0.083293238 


Yokardaky (Şekil - 12 we 13) görülişi yaly: 2 modelde hem takmynan hakyky 
jemi içerki önümiü (hakyky girdeji, real income) 1% artmagy, puluá talabyny 
takmynan 0.5% artmagyna getiryar (ohayly tâsir). Tersine, 2 modelde hem 
dövlet borçnama kagyzlarynyü göterim girdejisinin artmagy puluü talabyna 
ujypsyz bolsada, oñaysyz tasir edyár! (T - test áhmiyetlilik testi LTRATE 
ve TBRATE geçenoklar, puluü talabyna tásirleri yok, âhmiyetsiz) 


Aşakda görkezilen modeliü Tregressiyasynyü netijenamasy (Şekil - 14) 


görkezilen: 
M 
(v), = Buer 
Sekil - 14 


SUMMARY OUTPUT 


Regression Statistics 


Multiple R 0.698013553 
R Square 0.487222921 
Adjusted R Square 0.457059563 
Standard Error 0.05790545 
Observations 19 
ANOVA 
df SS MS # Significance F 

Regression 1 0.054161029 0.054161 16.1528079 0.000889709 
Residual 17 0.057001699 0.003353 
Total 18  0.111162727 

Coefficients Standard Error tStat P-value Lower 9596 Upper 95% Lower 95.0% Upper 95.0% 
Intercept -1.055720601 0.116172542 -9.08752 6.17479E-08 -1.30082324 -0.810617963 -1.30082324 -0.810617963 
Ln(LRATE) 0.214857678  0.053459743 4.019056 0.000889709 0.10206748 0.327647876  0.10206748 0.327647876 
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Yokardaky regressiyanyi (Şekil - 14) düşündirilişi: Ykdysadyyet dili bilen 
aydanymyzda, jemi pul mukdaryny jemi içerki önüm mukdaryna paylanymyzda (7) 
inflyasiyanyü derejesini tapdygymyz bolyar, yagny (7) inflyasiyany añladyar! 
Regressiya  netijenamamyza  layyklykda,  uzak möhletleyin dövlet borçnama 


kagyzlarynyl girdeji góterimi (yield) 16 artan yagdayynda, inflyasiya derjesi 
0.2% yokarlanyar. 


c)Yokardaky modellerden (Şekil - 12, 13 ve 14) iñ dogra yakyny Şekil - 13 
modelidir! Sebábi F - testi iñ ulusy sol! 


Exercise 7.229: 1961 - 1987 yyllary aralygynda Gresiyanyü senagat pudagynyü 
statistiki maglumaty aşakda (Şekil - 15) görkezilen. 


Şekil - 15 


? Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 224,Exercise 7.22 
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suni Capital to Labor 
Seca Observation Output* Capital Labort Ratio 
1961 35.858 59.600 637.0 0.0936 
Ək. 1962 37.504 64.200 643.2 0.0998 
Christopher Nevvport 1963 40.378 68.800 651.0 0.1057 
— Virginia, for these 1964 46.147 75.500 685.7 0.1101 
l 1965 51.047 84.400 710.7 0.1188 
1966 53.871 91.800 724.3 0.1267 
1967 56.834 99.900 735:2 0.1359 
1968 65.439 109.100 760.3 0.1435 
1969 74.939 120.700 777.6 0.1552 
1970 80.976 132.000 780.8 0.1691 
1971 90.802 146.600 825.8 0.1775 
1972 101.955 162.700 864.1 0.1883 
1973 114.367 180.600 894.2 0.2020 
1974 101.823 197.100 891.2 0.2212 
1975 107.572 209.600 887.5 0.2362 
1976 117.600 221.900 892.3 0.2487 
1977 123.224 232.500 930.1 0.2500 
1978 130.971 243.500 969.9 0.2511 
1979 138.842 257.700 1006.9 0.2559 
1980 135.486 274.400 1020.9 0.2688 
1981 133.441 289.500 1017.1 0.2846 
1982 130.388 301.900 1016.1 0.2971 
1983 130.615 314.900 1008.1 0.3124 
1984 132.244 327.700 985.1 0.3327 
1985 137.318 339.400 977.1 0.3474 
1986 137.468 349.492 1007.2 0.3470 
1987 135.750 358.231 1000.0 0.3582 


a) Ykdysadyyetde önümçilik funksiyasynyn (production function) Cobb - Douglas 
şeklinde bolup bilyándigini unutmalyü, ve dGresiyanyli senagat pudagynyü 
önümçiligini Cobb - Douglas şeklinde yazalyü, (Q = Output (jemi önüm): K = 
Capital (önümçilik serişdeleri - pul, yer, binalar, ve ş.m.): L = Labor 
(işgârler), yagny: 


Q: = A(KP Li?) 
Ekonometriki model görnüşi: 
Q, = A(KP UP eu) 
Funksiyanyñ logarithmyny alyp regressiyamyz üçin “linear” edeliñ, yagny: 
mq, = mA + ğılnK, + p;InL, + u, 


Aşakda (Şekil - 16) logarithmi alnan modeliü  regressiya netijenamasy 
görkezilen. Netijenama layyklykda önümçilik serisdesinin (LnCAPITAL) T - 
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testi, bu görkeziliniü senagat pudagynda önümçilik üçin âhmiyeti yok diyip 
görkezyür””. Bu ykdysadyyet ylmynda nâdogry pikirdir! 


Şekil - 16 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.985593543 
R Square 0.971394632 
Adiusted R Square 0.969010852 
Standard Error 0.08122919 
Observations 27 
ANOVA 
df ss MS F Significance F 

Regression 2 5.37754003 2.688770015 407.5016859 3.00172E-19 
Residual 24 0.158356352 0.006598181 
Total 26 5.535896382 

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% | Upper 95.0% 
Intercept -11.93660002 3.211063696 -3.717335173 0.001072775  -18.56390976 -5.309290276 -18.56390976 -5.30929028 | 
LnCAPITAL 0.139809672 0.165390723 0.845329592 0.406275786 -0.201540003 0.481159347 -0.201540003 0.48115935 
LnLABOR 2.328402268 0.59948991 3.883972404 0.000706069 1.091115905 3.565688632 1.091115905 3.56568863 


b) Indiki regressiyamyzda şu ekonometriki modeli teklip edilyür, yagny: 


Aşakda (Şekil - 17) teklip edilyán modeliü regressiya netijenamasy górkezilen 
(jemi önümi we önümçilik serişdelerini  isgáre bölüp, ondan sofra 
logarithmasyny almaly!), yagny: 


in (9) = [nA + fln (5), + Ut 


Netijenamada görülişi yaly T - test (15.28) we F - test (233.65)” 
hasabatlary,  isgár başyna düşyân önümçilik serisdesinin (=) ahmiyetli 
górkezijisidigini sbutu edyár. Işgâr başyna düşyân önümçilik serişdesi senagat 
pudagyndaky önümçiligii 906 “jogap beryar” (R”-0.9). Modelin önümçiligi 
çaklama yalüyslygy +0.096% (Standard Error = 0.096), yagny çaklama güyii 
örân yokary! 

Şekil - 17 


? Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 879. Df-24 üçin, 
95% ahtimallyk bilen górkeziji âhmiyetli bolmagy üçin T - test < -2.064 ya - da T - test > 2.064 
bolmalyl 

34 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 882. Numerator = 
1, Denominator = 25, 95% âhtimallyk bilen âhmiyetli bolmak üçin F - test > 4.23 bolmaly! 
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SUMMARY OUTPUT 


Regression Statistics 


Multiple R 0.950444837 
R Square 0.903345387 
Adjusted R Square 0.899479203 
Standard Error 0.096489909 
Observations 27 
ANOVA 
df ss MS F Significance F 

Regression 1 2.175379588 2.175379588 233.6529432 3.42198E-14 
Residual 25 0.232757563 0.009310303 
Total 26 2.408137152 

Coefficients Standard Error t Stat P-value Lower 95% Upper 95?6 Lower 95.0% Upper 95.0% 
Intercept -1.15595923 0.074216845 -15.57542933 2.23398E-14  -1.308811684 -1.003106776 -1.308811684 -1.00310678 


Ln(Capital/Labor) 0.680731492 0.044533847 15.28571043 3.42198E-14 0.589012317  0.772450667 0.589012317 0.77245067 | 


Exercise 7.24“: Aşakda (Şekil - 18) 1947 - 2000 yyllaryü aralygynda ASB - yü 
yerli harajatlary (C, consumption), girdeji (Yd, income), gymmatlyklary 
(Wealth: altyn, gozgalyan we gozgalmayan emlák, we s.m.) ve karz/girdeji 
göretimi” (Interest Rate) hakynda statistiki maglumat berilen. 


a) Asakdaky ekonometrik  modeliá  regresiya  netijenamasy (Şekil - 19) 
görkezilen: 


C, = 0, + 0,Yd, + ÖşVVealth, + O,InterestRate, + ü, 
Netijenama layyklykda: Regresiyanyñ F - testi (27823.95)” ve her bir garaşsyz 
górkezijiniü T - testi” hasabatlary, garaşsyz gorkezijilerin bagly górkeziji 
üçin umumy âhmiyetliligi hem - de ayratynlykda uly âhmiyete eyedigi górülyár. 
Yerli üpiünçilikdüki oynamalaryü sebüabiniü âhlisini diyen yaly garaşsyz 
görkezijilerdâki oynamalar arkaly düşündirip bolyar (R”-0.999). Modelimize 
layyklykda: 


C, = —20.72 + 0.733Yd, + 0.035Wealth, — 5.52InterestRate, 
Sekil - 18 


” Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 225,Exercise 7.24 
R aylyk dövlet borçnama kagyzlarynyü Yyllyk girdejisinden şol Yylyü inflyasiya derejesini ayyrmak 
arkaly tapylypdyr 

“ Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 882. Numerator = 
3, Denominator = 50, 95% âhtimallyk bilen âhmiyetli bolmak üçin F - test > 2.76 bolmaly! 

38 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 879. Df-24 üçin, 
95% ahtimallyk bilen górkeziji âhmiyetli bolmagy üçin T - test € -2 ya - da T - test > 2 bolmaly! 


TABLE 7.12 

Real Consumption 
Expenditure, Real 
Income, Real Wealth, 
and Real Interest 
Rates for the U.S., 
1947-2000 


Sources: C, Yd, and quarterly 
and annual chain-type price 
indexes (1996 — 100): Bureau 
of Economic Analysis, U.S. 
Department of Commerce 
(http://www.bea.doc.gov/bea/ 
dn) bm), 

Nominal annual yield on 
3-month Treasury securities: 
Economic Report of the 
President, 2002. 

Nominal vvealth — end-of- 
year nominal net vvorth of 
households and nonprofits 
(from Federal Reserve flow 
of funds data: http://www. 
federalreserve.gov). 


TABLE 7.12 
(Continued) 


Year 


1947 
1948 
1949 
1950 
2951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 


Year 


1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 


Yd 


1035.2 
1090.0 
1095.6 
1192.7 
1227.0 
1266.8 
3225 
1344.0 
1433.8 
1502.3 
1539.5 
11553:7 
1623.8 
1664.8 
1720.0 
1803.5 
1871.5 
2006.9 
2131.0 
2244.6 
2340.5 
2448.2 
2524.3 
2630.0 
2745.3 
2874.3 
3072.3 
3051.9 
3108.5 


Yd 


3360.7 
3527.5 
3628.6 
3658.0 
3741.1 
379157 
3906.9 
4207.6 
4347.8 
4486.6 
4582.5 
4784.1 
4906.5 
5014.2 
5033.0 
5189.3 
5261.3 
5397.2 
5539.1 
5677.7 
5854.5 
6168.6 
6320.0 
6539.2 


Wealth 


5166.8 
5280.8 
5607.4 
5759.5 
6086.1 
6243.9 
6355.6 
6797.0 
7172:2 
7375.2 
Z31153 
7870.0 
8188.1 
8351.8 
8971.9 
9091.5 
9436.1 
10003.4 
10562.8 
10522.0 
11312.1 
12145.4 
11672.3 
11650.0 
12312.9 
13499.9 
13081.0 
11868.8 
12634.4 
13456.8 


Wealth 


13786.3 
14450.5 
15340.0 
15965.0 
15965.0 
16312.5 
16944.8 
17526.7 
19068.3 
20530.0 
21235.7 
22332.0 
23659.8 
23105.1 
24050.2 
24418.2 
25092.3 
25218.6 
27439.7 
29448.2 
32664.1 
35587.0 
39591.3 
38167.7 


Interest Rate 


—10.351 
—4.720 
1.044 
0.407 
—5.283 
—0.277 
0.561 
—0.138 
0.262 
—0.736 
—0.261 
—0.575 
2.296 
esl 
1.296 
1.396 
2.058 
2.027 
2.112 
2.020 
1213 
1.055 
wey 
1.166 
—0.712 
—0.156 
1.414 
—1.043 
—3.534 
—0.657 


İnterest Rate 


—1.190 
0.113 
1.704 
2.298 
4.704 
4.449 
4.691 
5.848 
4.331 
3.768 
2.819 
3.287 
4.318 
3.595 
1.803 
1.007 
0.625 
2.206 
3.333 
3.083 
3.120 
3.584 
3.245 
3.576 
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Şekil - 19 
SUMMARY OUTPUT 
Regression Statistics | 
Multiple R 0.9997006 
R Square 0.9994014 
Adjusted R Square 0.9993654 
Standard Error 37.809126 
Observations 54 
ANOVA 
df SS MS F Significance F 

Regression 3 119325520.8 39775174 27823.9512 1.5381E-80 
Residual 50 71476.50123 1429.53 
Total 53 119396997.3 

Coefficients Standard Error t Stat P-value Lower 95% | Upper 95% Lower 95.0% Upper 95.0% 
Intercept -20.725629 12.83047831 -1.615343 0.11252978 -46.496403 5.04514537 -46.496403 5.045145373 
Yd 0.7339993 0.013755657 53.359815 9.5158E-46 0.70637026 0.76162836 0.70637026 0.761628364 
Vvealth 0.0359844 0.00248377 14.487811 1.581E-19 0.03099559 0.04097319 0.03099559 0.040973186 


Interest Rate -5.5262294 2.307274692 -2.395133 0.02040143 -10.160527 -0.8919318 -10.160527 -0.89193175 | 


Regressiya netijenama layyklykda (Şekil - 19): girdejilerin 1 milyard USD 
artmagy, Yerli harajatlaryá 0.73 milyard USD artmagyna getiryür (0, = 0.733). 
Halkyü elindüki gymmatlyklaryü (baylygyü) 1 milyard USD köpelmegi, yerli 
harajatlaryü takmynan 36 milyon USD artmagyna getiryár (6; = 0.0359). Karz 
göteriminiü 16 yokarlanmagy, yerli harajatlaryü 5.53 düşmegine getiryür. (0, = 
—5.52). Modelimiziü yerli harajatlaryny çaklama yalüyslygy (437.8) milyard USD 
(Standard Error 37.8). 


b) Girdeji ve baylyk, yerli harajatlar bilen ofayly gatnaşykda, yagny 
girdejinin ve baylygyñ artmagy yerli harajatlaryn artmagyna getiryár 
(adamlar köp sovup başlayarlar). Karz göterimler bilen harajatlaryñ 
arasynda ters (ofüaysyz) gatnaşyk bar, yagny karz góterimiü yokarlanmagy, 
harajatlaryñ azalmagyna getiryâr! 


Exercise 8.25“: Ykdysadcy John A. Tatom, hakykatdanda, energiyanyi 
gymmatlamagy önümçilige ofaysyz  tásiriniü  degyándigi baradaky ykdysady 
gipotezany barlamak üçin 1948 - 1978 yyllar aralygynda her çâryekde yygnalan 
statistiki maglumatlary ulanmak arkaly şu aşakdaky görkezilen ekonometriki 
modeli regressiyasyny amala aşyryp, seljeris üçin gerekli maglumatlary tapdy 
(Şekil - 20): 


” Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 268,Exercise 8.25 
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Şekil - 20 


İn (g/0) = 1.54924- 0.7135 In(h/k) — — 0.1081 In (P,/P) 


(16.33) (21.69) (—6.42) 
+ 0.00454) R? — 0.98 
(15.86) 


Y = hususy pudagyü jemi öndüren önümi 
k = önümçilik serişdesi 
h - işgârlerin islán sagat sany 
P. - energiya Ondiirijilerin baha indeksi 
P - hususy pudaga satylyan energiya bahasy 
t - dówür (cáryek) 


a) Skobkadaky maglumatlar T - test hasabatlary (Sekil - 20). Ekonometriki 
modele layyklykda: serişde başyna düşyân isgár sagadynyn 1% artmagy È). 
serişde başyna düşýän önümiü 0.71% yokarlanmagyna getirer (2). Energiyanyn 


bahasynyü 10% yokarlanmagy, serisde başyna düşyân önümiü 1% düşmegine sebáp 
bolar. Her çüryekde önümçilik ortaça 0.45% yokarlanypdyr™! 


b 


— 


1972 - 1977 yyllar aralygynda energiyanyi bahasy 60% yokarlanmagy, 
önümçiligiü 6% düşmegine sebáp bolar!(Ekonometriki modelimize layyklykda 
energiyanyü bahasynyü 16 yokarlanmagy, önümçiligiü 0.16 düşmegine getirer!) 


— 


c) Yokarda agzalyşy yaly, her cáryekde önümçilik ortaça 0.45% yokarlanypdyr! 


d 


— 


0.71 kafisentiü manysy 0.716 (iki tarapam logarithm funskiyasy bolany üçin) 


e) F - testi, “iñ bolmanda yekeje görkezijinii kafisenti nola (0) deň 
düldir” umumy öhtimallyk testidir! Ekonometriki modelimiziü iñ bolmanda 
birinin T - testinin  "áhmiyetli" bolmagy, F - testini geçdigi hasap 
edilse bolar. 


^? 9.0045*100-0. 453 
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EXERCISE 8.26“: Aşakda (Şekil - 21) 1968 - 1983 yyllar aralygynda ABŞ - da 
telefon kabelini öndüryân iri kárhanalaryá birinin yyllyk satyşy çaklamak üçin 
ulanan statistiki maglumatyny górkezyár. 


Şekil - 21 
TABLE 8.10 Regression Variables 
Xs, Xa, Xs, Xe, Y, 
Xə, Housing Unemployment, Prime Rate Customer Line Annual 
Year GNP Starts % Lag, 6 mos. Gains, % Sales (MPF) 
1968 1051.8 1503.6 3.6 5:8 5.9 5873 
1969 1078.8 1486.7 3:5 6.7 4.5 7852 
1970 1075.3 1434.8 5.0 8.4 4.2 8189 
1971 1107.5 2035.6 6.0 6.2 4.2 7497 
1972 TZ 2360.8 5.6 5.4 4.9 8534 
1973 1235-0 2043.9 4.9 59 5.0 8688 
1974 1217.8 1331.9 5.6 9.4 4.1 7270 
1975 1202.3 1160.0 8.5 9.4 3.4 5020 
1976 1271.0 1535.0 7.7 7.2 4.2 6035 
1977 155277 1961.8 7.0 6.6 4.5 7425 
1978 1399.2 2009.3 6.0 7.6 3.9 9400 
1979 1431.6 1721.9 6.0 10.6 4.4 9350 
1980 1480.7 1298.0 z2 14.9 3.9 6540 
1981 1510.3 1100.0 7.6 16.6 B 7675 
1982 1492.2 1039.0 9.2 1755 0.6 7419 
1983 1535.4 1200.0 8.8 16.0 Ts 7923 


Y - yyllyk satylan kabel, milyon feet 
X, - jemi içerki önüm, milyard USD 
X; - jay gurluşygy, müfüde 
X, - işsizlik derejesi, góterimde 
Xs - yokary hilli kabelin satysy. göterimde 
X: - telefon ulgamynyü köpeldilmegi, göterimde 


a) Aşakdaky modelin regressiya netijenamasy (Şekil - 22) görkezilen: 
Y, — ö, + 0,X;, + EB éi + 04X44 + Ko + O Kat + ün 


Regressiya netijenamasyna layyklykda: “Iñ bolmanda bir górkezijiniü kafisenti 
nola (0) den dâldir” yagny, umumy âhmiyetlilik testi bolan F - testiniü 
netijesine  layyklykda (9.28)”, garaşsyz  górkezijiler telefon kabelini 
satysynyn çaklamasynda áhmiyetlidir! Dine X; görkezijinin kafisentinin T - 
testi hasabaty onuü kabel satyşlary üçin dhmiyetinin yokdugyny görkezyâr. 


“1 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 269,Exercise 8.26 
“2 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 882. Numerator - 
5, Denominator = 10, 95$ áhtimallyk bilen âhmiyetli bolmak üçin F - test > 3.33 bolmaly! 
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Galan görkeziiilerifü T - testleri olaryü kabel satyşlary üçin 
âhmiyetlidiklerini aüladyar!^. Telefon kabelleriniü satylysyndaky oynamalary, 
garaşsyz görkezijilerimizii üsti bilen 82% düşündirip bolyar (R”-0.82). 
Modelimiziü çaklama yalüyslygy (4627) milyon feet (Standard Error = 627)! 
Modelimize layyklykda: jemi içerki önümiü 1 milyard USD yokarlanmagy, telefon 
kabeliniü satyşyny 4.88 milyon feet  artmagyna getiryâr.  Yylda, jay 
gurlusygynyn 1000 jay artmagy, telefon kabellerinin satysynyü 2.36 milyon feet 
artdyryar. Issizligiü 1% yokarlanmagy, telefon kabelinin satylşyny 819 milyon 
feet azaldyar. Müsderileriü 1% táze ulgama baglanmaklyklary, kárhananyü kabel 
satysynyn 851 milyon feet azalmagyna getiryár. 


Y, = 5962.65 + 4.88X;, + 2.36X4, — 819X,, + 12X5, — 851.39X,, 


. 
Şekil - 22 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.907055755 
R Square 0.822750143 
Adiusted R Square 0.734125215 
Standard Error 627.6004764 
Observations 16 
ANOVA 
df SS MS F Significance F 

Regression 5 18283048.17 3656609.634 9.283507016 0.001615349 
Residual 10 3938823.58 393882.358 
Total 15 22221871.75 

Coefficients Standard Error tStat P-value Lower 9576 Upper 95% Lower 95.0% | Upper 95.0% 
Intercept 5962.65551 2507.724058 2.377715958 0.038763283 375.0981071 11550.21291 375.0981071 11550.21291 | 
X2 GNP 4.883662697 2.512542086 1.943713789 0.080583622 -0.714629942 10.48195534 -0.71462994 10.48195534 | 
X3 Housing Starts 2.363956211 0.843558632 2.802361474 0.018718564 0.48439045 4.243521973 0.48439045 4.243521973 
X4 Unemployment, ?6 -819.1287004 187.7072286 -4.363863376 0.001412587  -1237.366469 -400.890931 -1237.36647  -400.890931 
X5 Prime Rate Lag, 6 mos. 12.01048233 147.0496377 0.081676382 0.936515707 -315.6365285 339.6574932 -315.636529 339.6574932 | 


X6 Customer Line Gains, ?6 -851.3926955 292.1447153 -2.914284089 0.015450957 -1502.331686 -200.453705 -1502.33169 -200.453705 


b) Ykdysady ösüş yokarlandygyca, aragatnaşyga talap artmaly! Táze jaylaryn 
sany artdygyca, öylere çekilyân telefon ulgamy artmaly! Issizligin artmagy, 
aragatnaşyga talaby azaltmaly! Táze ulgamlaryn we tehnologiyanyn kópelmegi, 
yuwas - yuwas kabelli dâlde, kabelsiz aragatnaşyk ulgamyna geçilmegine 
getirmelil 


c) Hava, kafisentleriü belgileri garasylysy yaly (ykdysady düsünjá garşy 
gelenok). 


“ Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 879. Df-15 üçin, 
90% âhtimallyk bilen górkeziji âhmiyetli bolmagy üçin T - test € -1.753 ya - da T - test > 1.753 
bolmaly! 
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d) Df-15 üçin, 956 áhtimallyk bilen górkeziji âhmiyetli bolmagy üçin T - test 
€ -2.131 ya - da T - test > 2.131 bolmaly! 95% áhtimallykda T - testi X, we 
Xs görkezijilerii  kafisenti âhmiyetlilik testi  gecenok! Yöne 905 
ahtimallykda dine X; górkezijileriün kafisenti âhmiyetlilik testi gecenok. 
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5 - NJI BÖLÜM.DUMMY GORKEZIJI 


Yküysadyyet ylmynda örân yörgünli seljeris usullaryü biri “deheşdirme 
seljerisidir" (comparative analysis). Bu usul, adyndan hem belli bolşy yaly, 
deleşdirme arkaly amala aşyrylyar. Mysal üçin: erkekler bilen ayallaryn 
gazançlarynyü tapawudy barmy? Oba yerinin ilaty uzak yasayarmy Ya - da şâher 
yerininki? Din,  jyns, boy, agram, saglyk ve beyleki  jemgyyet bilen 
baglanysykly movzuklaryü seljerisini geçirmek üçin “hava” ya - da “Yok” 
soraglaryny için alyan górkeziji gerek bolyar, ynha, ekonometrikada bu 
górkezijá “dummy görkeziji  diyilyár (indicator variable, qualitative 
variable). Bu görkezijâ düşünmegiü iñ aüsat usuly mysal arkalydyr. 


MYSAL 1: Aşakda (Şekil - 1) 125 talybyü Matematiki Ykdysadyyet sapagyndan 
synaglarynyü netijesi görkezilen (100 bal sistemada). Ykdysadyyet professory, 

“gyz talyplar oglanlara garanyilda ökdeje bolyar” gipotezasyny barlap görmek 
isleyâr, yagny, hakykatdan - da, gyz talyplar oglan talyplara garanyñda yokary 
baha alyarlarmy. Munyü üçin professor dummy górkeziji dóredyár (Gyz). Bu 
górkeziji eger baha gyz talyba degişli bolsa 1, oglana degişli bolsa 0 belgini 
alyar. ( 1 - hawa, 0 - yok). 


. 
Şekil-1 
Sanawy Bahalar Gyz Sanawy  Bahalar Gyz Sanawy  Bahalar Gyz Sanawy  Bahalar Gyz Sanawy  Bahalar Gyz 

4 59 0 26 56 0 51 70 1 76 80 1 101 81 t 

88 1 27 65 0 52 68 0 77 58 0 102 54 0 
3 77 1 28 89 1 53 63 0 78 56 0 103 70 1 
4 63 0 29 84 Lİ 54 70 0 79 79 0 104 65 1 
5 68 0 30 72 1 55 70 0 80 62 0 105 47 0 
6 70 0 31 79 1 56 65 0 81 67 0 106 59 0 
T 66 0 32 29 1 57 74 0 82 78 1 107 55 0 
8 72 0 33 66 1 58 63 0 83 85 1 108 64 0 
9 54 0 34 76 1 59 76 0 84 67 0 109 69 0 
10 92 1 35 59 0 60 76 0 85 67 0 110 71 0 
11 68 0 36 65 ği 61 61 0 86 73 0 111 72 0 
12 56 0 37 75 1 62 73 0 87 71 0 112 67 0 
13 88 £ 38 66 0 63 96 0 88 68 0 113 58 0 
14 82 0 39 85 0 64 71 0 89 82 1 114 67 0 
15 55 0 40 87 1 65 94 š 90 66 0 115 78 1 
16 64 0 41 79 1 66 86 x 91 72 0 116 65 0 
17 61 0 42 Br 0 67 89 * 92 77 0 117 59 0 
18 54 0 43 60 0 68 80 1 93 59 0 118 81 1 
19 69 0 44 68 0 69 40 0 94 63 0 119 vı 0 
20 60 0 45 78 il 70 74 0 95 60 1 120 87 1 
21 88 1 46 68 m 71 72 0 96 87 1 121 89 1 
22 68 gi 47 92 1 72 53 0 97 89 3 122 51 t 
23 64 0 48 81 1 73 83 0 98 60 0 123 49 0 
24 75 1 49 51 0 74 59 0 99 75 a 124 74 1 
25 58 0 50 64 0 75 74 1 i 125 48 1 


100 78 


Regressiya edende Bahalar (Y) bagly górkeziji hókmünde górkezilyár, dummy 
górkeziji Gyz bolsa garassyz górkeziji hökmünde. Regressiya netijenamasy 
aşakda görkezilen (Şekil - 2): 
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Şekil - 2 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.565154201 
R Square 0.319399271 
Adiusted R Square 0.313865931 
Standard Error 9.4814189 
Observations 125 
ANOVA 
df ss MS F Significance F 

Regression 1 5189.11494 5189.11494 57.72269788 6.60244E-12 
Residual 123 11057.36844 89.89730436 
Total 124 16246.48338 

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 
Intercept 65.02556158 1.073559287 60.57007038 1.96693E-93 62.9005168 67.15060636 62.9005168 67.15060636 
Gyz 13.3016471 Oo 1.750782153 7.597545517 6.60244E-12  9.836081174 16.76721302 9.83608117  16.76721302 


Ekonometriki modelimizi su asakdaky bolyar: 
Baha, = 65 + 13.3Gyz,, 
Regressiya netijenama layyklykda: Dummy görkeziji, bagly görkezili üçin 
âhmiyetli górkeziji (T - test = 7.59), munyü manysy şu: hakykatdan - da, 
gyzlaryü bahasy bilen oglan talyplaryü bahalary arasynda tapavut bar! 
Oglanlaryü ortaça bahasy 65 bal (Gyz = 0 goyYarys modelde), yagny: 
Baha, = 65 + 13.3Gyz,, 
Baha, = 65 + 13.3(0) = 65 
üyzlaryü ortaça bahasy bolsa 78.3 bala den! Gyz talyplar, iñ bolmanda 
Matematiki Ykdysadyyet sapagynda, oglan talyplardan ökdel Yagny: 
Baha, = 65 + 13.36yz, 
Baha, = 65 + 13.3(1) = 78.3 
Başga garassyz górkezijileri bolman, diñe dummy górkezijisi bolan modellerde, 


T - test bilen F - test netijeleri gereklidir. Galan hasabatlara seredilmeyâr! 
(Mysal üçin R”, Standard Error, we ş.m.) 
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MYSAL 2: Aşakda (Şekil - 3) 1960 - 2000 yyllar arasynda korrupsiya ve 
parahorluk boyunça açylan jenayata işleriü sany berilen. 1982 - nji yylda, 
korrupsiya garşy göreşmek boyunça táze cáreler górülmáge başlanyar (kanunlar, 
jezalaryñ agyrlasdyrylmasy, we ş.m.). Ykdysadçy, bu cáreleriü jemgyyet üçin 

“bahbidi” degdimi, ya - da degmedimi sony barlamak isleyár, munyü üçin dummy 
górkeziji (Tüze Cáreler) dóredyár. 1982 - nji Yyldan 2000 - nji yyla cenli bu 
dummy górkezijisi 1 belgisini alyar, 1960 - 1982 aralygynda bolsa 0 belgisini 
alyar! 


Sekil - 3 
Yyllar Açylan işler sany Tâze Careler Yyllar Açylan işler sany Taze Careler 

1960 758 0 1982 775 1 
1961 853 0 1983 878 1 
1962 721 0 1984 895 1 
1963 757 0 1985 667 1 
1964 1255 0 1986 394 1 
1965 843 0 1987 608 1 
1966 1225 0 1988 699 1 
1967 938 0 1989 852 1 
1968 634 0 1990 1020 1 
1969 808 0 1991 604 T 
1970 1069 0 1992 708 š 
1971 652 0 1993 653 š 
1972 836 0 1994 890 1 
1973 523 0 1995 1143 1 
1974 1103 0 1996 592 1 
1975 976 0 1997 782 1 
1976 677 0 1998 785 1 
1977 644 0 1999 475 £ 
1978 479 0 2000 551 š 
1979 753 0 

1980 914 0 

1981 1239 0 


Aşakdaky (Şekil - 4) regresiya netijenamasynda hem górünisi yaly, umumy 
öhmiyetlilik testi bolan F - test (3.02) we dummy górkezijisiniñ T - testi 
hasabaty (- 1.74)“ 95% ühtimallyk bilen “âhmiyetli dül” netije görkezyâr. 
Yagny, korrupsiya ve parahorlyk bilen göreşmekde kabul edilen táze cáreleriü 
(1982 - nji yylda), açylan jenayat işleri sanyna hiç hili tásir etmedigi 
bolyar. Çâreleril maksady korrupsiyany ve parahorlugy azaltmak, şunlukda yyl - 
yyldan korrupsiya ve parahorluk boyunça acylan jenayatyñ sanynyü azalmagy 
bolan bolsa, bu maksada yetildmedigi bolyar. 


^ Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 884. Numerator = 
1, Denominator = 40, 952 âhtimallyk bilen âhmiyetli bolmak üçin F - test > 4.08 bolmaly! 

^ Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 879. Df-30 üçin, 
95% ahtimallyk bilen górkeziji âhmiyetli bolmagy üçin T - test € -2.021 Ya - da T - test > 2.021 
bolmaly! 
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Şekil - 4 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.268722155 
R Square 0.072211597 
Adiusted R Square 0.048422151 
Standard Error 206.5614366 
Observations 41 
ANOVA 
df SS MS F ignificance F 

Regression 1 129515.3093 129515.3 3.035447 0.089346 
Residual 39 1664037.457 42667.63 
Total 40 1793552.766 

Coefficients Standard Error t Stat P-value Lower 95%Upper 95%ower 95.0?Ipper 95.0% 
Intercept 848.1456648 44.03904626 19.25895 1.59E-21 759.0683 937.223 759.0683 937.223 
Tüze Çüreler -112.710491 64.6923657 -1.74225 0.089346 -243.563 18.14217 -243.563 18.14217 


EXERCISE 9.3“: 1966 - niy yylda Beyik Britaniyanyü hökümeti, vagtlayynça 
işsiz rayatlary goldamak üçin tölenyün kömek pulunyü hökümet tarapyndan 
bellenilen mukdardan (fixed amount), işsiz rayatyü soüky iş yerindöki alan 
aylygyna görü tólenmáge başlanyar (yagny işsizlik kömek puly artyar). Asakda 
regressiya netijenamasy (Şekil - 5) we Beyik Britaniyadaky 1966 - niy yyldan 
öňki ve soüky statistiki sanlary çâryek boyunça berilen (Şekil - 6). 


Şekil - 5 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.95509704 
R Square 0.91221035 
Adiusted R Square 0.90660676 
Standard Error 0.13439537 
Observations 51 
ANOVA 
df SS MS F Significance F 

Regression 3 8.82100694 2.94033565 162.790218 7.882E-25 
Residual 47 0.84891941 0.01806212 
Total 50 9.66992635 

Coefficients standard Error t Stat P-value Lower 9596 Upper 9596 Lower 95.096 Upper 95.0% 
Intercept 2.73307145 0.10141712 26.9488164 3.1301E-30 2.52904652 2.9370964 2.52904652 2.93709639 
Job Vacancy Rate V% -1.5125915 0.12101269 -12.499445 1.494E-16 -1.7560377 -1.2691454 -1.75603767 -1.2691454 
D 1.16674843 0.31781848 3.67111579 0.00061608 0.52738012 1.8061167 0.52738012 1.80611674 
DV -0.8679396 0.43056524 -2.0158144 0.04955638 -1.7341252 -0.0017541 -1.73412517 -0.0017541 


“6 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 306,Exercise 9.3 
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Şekil - 6 
TABLE 9.8 Unem- lob Unem- lob 
Data Matrix for 
Geet Year ployment Vacancy Year ployment Vacancy 
Exerci 9.3 and RateUN, Rate V, and Rate UN, Rate V, 
00 Quarter % % DV Quarter 96 96 DV 
Goes E Gujarati, 1958-IV 1.915 0.510 1965-I 1.201 0.997 0 
e Behaviour of 

Unemployment and Unfilled 1959-1 1.876 0.541 -lI 1.192 1.035 0 
Vacancies: Great Britain, zı 
1958-1971,” The Economic -Il 1.842 0.541 M 1235 : me 0 
Journal, vol. 82, March 1972, -lll 1.750 0.690 E 1.192 .086 0 
p-n -IV 1.648 0.771 1966-1 1.089 1.101 0 

1960-1 1.450 0.836 a 1.101 — 1.058 9 


zı 1.393 0.908 -III 1.243 0.987 


-lll 15222 0.968 
-IV 1.260 0.998 


1961-I 1.171 0.968 
-ll 1.182 0.964 
-lIl 1.221 0.952 
-IV 1.340 0.849 


1962-1 1.411 0.748 
-II 1.600 0.658 
-ill 1.780 0.562 
-V 1.941 0.510 
1963-1 2.178 0.510 
-il 2.067 0.544 
-III 1.942 0.568 
-IV 1.764 0.677 
1964-1 1.532 0.794 
-M ^ 1.455 0.838 
-III 1.409 0.885 
-IV 1.296 0.978 


D 
0 
0 
0 
0 
0 
0 
0 
-V 1.623 0.819 il 
1967-I 1.821 0.740 1 0.740 

-ii 1.990 0.661 1 
-I 2.114 0.660 1 
-IV 2.115 0.698 1 
1968-1 2.150 0.695 1 
+I 2.141 0.732 1 
-ill 2.167 0.749 1 
-IV 2.107 0.800 li 
1 

1 

1 

1 

1 

il 

1 

1 

1 

1 


1969-1 2.104 0.783 
-Il 2.056 0.800 
-ill 2.170 0.794 
-IV 2.161 0.790 
1970-1 2.225 0.757 
-Il 2.241 0.746 
-lll 2.366 0.739 
-IV 2.324 0.707 
1971-1 2.51416% 0:583X 
-Il 2.909“ 0.524* 


ooqooocooccococococoocococGocooco Q 
oooo cooo oooo oooo 0000 0000© 


UN - işsizlik derejesi, göterimde 
V - boş iş yerleri, göterimde (ok 100) 


D - dummy górkeziji, kabul edilen kanunyü işleyân döwri 


D*V - dummy górkeziji bilen bos is yerlerinin köpeltmek hasyly: kanun kabul 
edilenden soüra döredilen iş yerli afüladyar (interaction variable) 


Regressiya netijenama layyklykda (Şekil - 5): F - test we górkezijileriü T - 
testlerine layyklykda, âhli górkezijiler işsizlik derejesini kesgitlemekde 
âhmiyeti uly we takmynan işsizlik derejesindáki oynamalaryn 915 sebápkári! Boş 
iş yerlin 1% armtagy, işsizligiü 1.5% düşmegine getiryár! Boş iş yerleri 
artdygyca işsizlik azalyar! Táze kanunyü işlâp başlan dövri işsizlik takmynan 
1.16% artdy! Yagny 1966 - niy yyldan sof, işsizlik ortaça 1.16% yokarlandy! 
Işsizlere kömek pullarynyü mukdarynyn artmagy, işe hówesiü gaçmagyna getirdi! 
Táze kanunyü işlân döwründe (yagny 1966 - njy yyldan soüky Yyllar) dörân boş 
iş yerleri, issizligin 0.86% düşmegine getirdi. 


a) Boş iş yerleriü artmagy, işsizligi düşürmeli! 
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b) 1966 - niy Yylyü 4 - nji çâryeginden (Kanun kabul edilen sene) öňki 
dövürler üçin ortaça işsizlik derejesi takmynan 1.5% we 1966 - niy Yylyü 4 
- nji çüryeginden soüky döwürler üçin ortaça işsizlik derejesi takmynan 
2.26 - e deň! Kanunyn kabul edilmegi issizligin artmagyna sebâp boldy! 
Aslynda muny yokardaky edişimiz yaly, kanunyn kabul edilen seneden 6nki we 
soñky dówürleriü işsizlik derejesinin ortaça hasabyny çykaryp tapyp bolyar, 
ya - da, gönümel ekonometriki modelimizden hem görüp bolyar: 


ÜN, = 2.73 — 1.5Jobvacancy, + 1.16D, — 0.86D,V, 


1966 - niy yyldan öňki döwürde işsizlik derejesi, boş iş yerlerini göz 
óüüne tutmasak (holding job vacancy rate constant Jobvacancy = 0) onda, 
kanun kabul edilen dówürden 6nki döwür üçin (D;=0 ve D.V.=0), kanun kabul 
edilen dówürden soüky dövürler üçin bolsa (D;=1 we D.V.=1) bolar. Kanun 
kabul edilenden öüki döwür bilen defeşdireniüde (işsizlik derejesi = 2.733, 
soñky döwürlerde, boş iş yerleri göz ölüne tutlmazdan (işsizlik derejesi = 
2.73+1.16=3.9%) işsizlik derejesiniñ yokarlanyandygyny görersifizl 


— 


Ekonometriki modelimiziñ slope (egimi) kanun kabul edilenden soñky dówürler 
üçin D.=1 ve D.V.=1 diyilip gidiler we ekonometriki modelmiz şeyle bolar (- 
2.38), yagny: 


C 


ÜN, = (2.73 + 1.16) — (1.5 + 0.86)Jobvacancy, 
ÜN, = 3.9 — 2.38Jobvacancy, 


d 


— 


Su ykdysady seljerisden su kanagata gelip bolar: vagtlayynça işsizlik kömek 
pullarynyü yokary bolmagy, adamlaryü işe hówesiniü gaçmagyna getiryár! 


EXERCISE 9.217: Aşakda (Şekil - 7) 1970 - 1995 yyllar aralygynda ABŞ - yü 
süyşürintgileri (savings) ve girdejileri (income) barada maglumat berilen. 
Berilen maglumaty ulanyp, dummy görkezijisinin 1970 - 1981 yyllar aralyoy üçin 
1, galan yyllar üçin bolsa 10 edip, şu aşakdaky ekonometriki modelin 
regressiyasyny talap edyürler: 

Ln(Savings); = B, + B;Ln(Income); + B4Ln(D); + u, 


Regressiya netijenamasyna layyklykda (Şekil - 8): dummy górkezijisiniñ T - 
test hasabatyna layyklykda, dummy gdrkezijisinin bagly górkezijá 
(süysürintgilere)  áhmiyeti yok (insignificant)! dGirdeiiniü 1%  artmagy, 


“7 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 311,Exercise 9.21 


süysürintgileriü takmynan 0.673 
bolyan üftgemeleriü/ojnamalaryü takmynan 885 sebâbi girdejilerdir! (R”-0.878) 


TABLE 9.2 
Savings and Income 
Data, United States, 
1970-1995 

Source: Economic Report of the 


President, 1997, Table B-28, 
p. 332. 


Observation 


1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 


yokarlanmagyna getirerl 


Şekil - 7 
Savings İncome 
61 727.1 
68.6 790.2 
63.6 855.3 
89.6 965 
97.6 1054.2 
104.4 1159.2 
96.4 1273 
92:5 1401.4 
112.6 1580.1 
130.1 1769.5 
161.8 1973.3 
19951 2200.2 
205.5 2347.3 
167 2522.4 
235.7 2810 
206.2 3002 
196.5 3187.6 
168.4 3363.1 
189.1 3640.8 
187.8 3894.5 
208.7 4166.8 
246.4 4343.7 
272.6 4613.7 
214.4 4790.2 
189.4 5021.7 


249.3 
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Süyşürintgilerde 


E 
iz 
E] 


cl ch zech ch zc ch ech zech zech eh zech eh zech äh 0090000000900 


Şekil - 8 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.937038817 
R Square 0.878041745 
Adjusted R Square 0.867436679 
Standard Error 0.164652885 
Observations 26 
ANOVA 
df SS MS F ignificance F 

Regression 2 4.489215834 2.244608 82.79456  3.1E-11 
Residual SH 0.623543166 0.027111 
Total 25 5.112758999 

Coefficients Standard Error t Stat P-value Lower 95%Upper 95%ower 95.0?!pper 95.0% 
Intercept -0.158881398 0.765706822 -0.2075 0.837448 -1.74287 1.425104 -1.74287 1.425104 
Lnincome 0.669503515 0.107357341 6.236216 2.31E-06 0.447418 0.891589 0.447418 0.891589 


LnD 


-0.000293724 


0.058088296 


-0.00506 


0.996009 


-0.12046 0.119871 


-0.12046 0.119871 
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a) Dummy górkezijiniü 1 ya - da 10 edilmeginin sebábi, 1982 - nji yyldan ófki 
we soüky dówürler arasyndaky tapawudyü durnukly górkezijide üytgemeler 
(intercept) arkaly düsündirjek bolmakdyr. 


b) Regressiya netijenamasy yokarda (Şekil - 8) górkezildi. 
C) Iki döwürde - de (1982 - den on we som) durnukly górkeziji (intercept) (- 


0.15). Munyü manysy su: girdeji bolmadyk yagdayda süysürintgiler minusa 
gidyár, yagny, adamlar karz alyarlar! 


EXERCISE 9.24“: Aşakda (Şekil - 9) 1916 - 2004 yyllar aralygyndaky ABŞ - yü 
prezident saylavlary barada gerekli maglumatlar berilen: 


Şekil - 9 
TABLE 9.9 
U.S. Presidential 5 kear VW 75: Ç d N 5 
Elections, 1916-2004 1 1916 0.5168 0 d 2.229 1 3 4.252 
2 1920 0.3612 1 0 —11.46 1 5 16.535 
3 1924 0.4176 0 —1 —3.872 -1 10 5.161 
4 1928 0.4118 0 0 4.623 -1 7 0.183 
5 1932 0.5916 0 —1 —14.9 -1 4 7.069 
6 1936 0.6246 0 1 11.921 1 9 2.362 
7 1940 0.55 0 1 3.708 1 8 0.028 
8 1944 0.5377 1 1 4.119 1 14 5.678 
9 1948 0.5237 1 1 1.849 1 5 8.722 
10 1952 0.446 0 0 0.627 1 6 2.288 
11 1956 0.4224 0 —1 —1.527 —1 5 1.936 
12 1960 0.5009 0 0 0.114 —1 5 1.932 
Us 1964 0.6134 0 1 5.054 1 10 1.247 
14 1968 0.496 0 0 4.836 1 7 3.215 
15 1972 0.3821 0 -1 6.278 —1 4 4.766 
16 1976 0.5105 0 0 3.663 —1 4 7.657 
17 1980 0.447 0 1 —3.789 1 5 8.093 
18 1984 0.4083 0 -1 5.387 -1 7 5.403 
19 1988 0.461 0 0 2.068 -1 6 3:272 
20 1992 0.5345 0 —1 2.293 -1 1 3.692 | 
21 1996 0.5474 0 1 2.918 1 3 2.268 | 
22 2000 0.50265 0 0 1.219 1 8 1.605 | 
25 2004 0.51233 0 1 2.69 -1 1 2.325 


V - Prezident saylawynda (iki partiyaly syyasat) ýeňeniň gazanan seslerin payy 
(Demokratlar + Respublikanlar - 1) 


W - dummy górkeziji: 1920, 1944 we 1948 - nji yyllar üçin W = 1, galan yyllar 
üçin O (nol) 


^5 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009 page 312,Exercise 9.24 
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D - dummy górkeziji: Saylawda yeñiji Demokratlardan bolsa D = 1, 
Respublikanlardan bolsa W = -1, başga partiyadan bolsa D = 0 


G - saylav yylynyn 3 cáryeginde adam başyna düşyân girdejisiniñ ösüş derejesi, 
göterimde 


I - dummy górkeziji: I = 1 eger - de saylava girilende Prezident 
Demokratlardan bolsa, I = 0 eger - de Respublikanlardan bolsa 


N - saylavdan soüky 15 çaryegifü dowamynda adam başyna düşyân girdejinin ösüş 
depgini 3.2% yokary bolan cáryek sany 


P - saylavdan soñky 15 cáryegiün dowamynda inflyasiyanyn ösüş depgini, 
göterimde 


a) ABS - da Prezident saylavlarynda haysy syyasy partiyanyñ, Demokratmy ya - 
da Respublikan, dalaşgöriniü yehjekdigini çaklamak üçin su aşakdaky (Şekil 
- 10) görkezilen ekonometriki modelin regressiyasy düzüldi: 


V = Bı + BW + B4D + DB4G + Bal t- BgN + y; P + u 


Sekil - 10 


SUMMARY OUTPUT 


Regression Statistics 


Multiple R 0.590451328 
R Square 0.348632771 
Adjusted R Square 0.10437006 
Standard Error 0.067902839 
Observations 23 
ANOVA 

df ss MS F Significance F 
Regression 6 0.039485546 0.006580924 1.4272861 0.26457339 
Residual 16 0.073772729 0.004610796 
Total 22 0.113258275 

Coefficients Standard Error t Stat P-value Lovver 9576 Upper 9596 Lower 95.096 Upper 95.096 

Intercept 0.515340358  0.051970092 9.916094769  3.0881E-08 0.40516868 0.625512 0.405168684 0.625512031 
w -0.01352943 0.06910143 -0.19579095 0.84723876 -0.1600179 0.1329591 -0.16001792 0.132959052 | 
D 0.043758886 0.028173639 1.553185458 0.13993359 -0.0159666 0.1034843 -0.01596656 0.103484332 | 
G -0.00182771 0.003372637 -0.54192253 0.59533911 -0.0089774 0.005322 -0.00897738 0.005321962 
| 0.002902079 0.022048738 0.131621094 0.89692488 -0.0438392 0.0496433 -0.04383916 0.049643315 | 
N 0.000625944 0.00583866 0.107206839 0.91595767 -0.0117515 0.0130033 -0.01175146 0.01300335 | 
p -0.00659826 0.00707351 -0.93281283 0.36478055 -0.0215934 0.0083969 -0.02159343 0.008396911 


Regresiya netijenamada (Şekil - 10) hiç bir garaşsyz górkezijiniü saylavlarda 
yenijini çaklamada ahmiyetinin yokdugy görülyâr. 
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b) Eger regressiyanyü netijesi oñaylyrak bolsady, onda, saylavlarda yenmek 
üçin esasy górkezijileri bilip bilerdik. 


C) Chatterjee - nin tekli eden modeli aşakda görkezilen ve regressiya 
netijenama hem görkezilen (Şekil - 11): 


V = Bı + BW + B4D + BIG + Bal + BgN + p;P + u 


Sekil - 11 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.880108787 
R Square 0.774591477 
Adjusted R Square 0.690063281 
Standard Error 0.03994479 
Observations 23 
ANOVA 
df SS MS F Significance F 

Regression 6 0.087728894 0.014621482 9.16370528 0.00019191 
Residual 16 0.02552938 0.001595586 
Total 22  0.113258275 

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.026 Upper 95.0% 
Intercept 0.509177647 0.029690583 17.14946631  1.0097E-11 0.44623642 0.5721189 0.446236423 0.57211887 
w 0.009590373 0.040795734 0.235082739 0.81712676 -0.0768927 0.0960735 -0.07689272 0.096073465 


D 0.042640477 0.016056634 2.655629818 0.01726967 0.00860193 0.076679 0.008601933 0.076679021 
I -0.00983459 0.0131562 -0.7475248 0.46559212 -0.0377245 0.0180553 -0.03772448 0.018055312 
N -0.00420494 0.003505837 -1.19940998 0.24782966 -0.011637 0.0032271 -0.01163698 0.003227107 
P -0.0011818 0.003799554 -0.31103583 0.75978901 -0.0092365 0.0068729 -0.00923649 0.006872896 
IG 0.009469026 0.001698384 5.575316334 4.1832E-05 0.00586861 0.0130694 0.005868614 0.013069438 


Chatterjee modeliniü regressiya  netijenamasyna  layyklykda D ve IG 
górkezijilerinden başga górkezijileriü saylavyü netijesi üçin âhmiyeti yok. 
Saylava gatnasyan dalasgáriá Demokratlardan bolmagy onuñ gazanjak ses payyny 
0.042 artdyryar, Respublikanlardan bolmagy bolsa gazanyljak ses payynyn 0.042 
azalmagyna sebáp bolyar. Saylav yylyndaky 3 çärýegiň ösüş derejesinin her 1% 
yokarlanmagy deslapky Prezidentin ses payynyü 0.0094 artmagyna getiryâr. 


ÜNS BERIN: Dummy górkeziji ulanylanda, mysal üçin, ilkinji soragymyzda gyz 
talyp we oglan talyp, Yagny iki dummy dálde, yekeje dummy ulandyk! Sebabi 
durnukly  górkeziji (intercept), oglan talyby  aüladyar. Mysal üçin 5 
welayatdaky tapavutlary bilmek sileyârsiniz, onda dine 4 dummy ulanmaly, 
sebâbi durnukly górkeziji 5 - nji górkezijini afüladar. Mysal üçin Aziyaly, 
Yewropaly we Amerikaly talyplaryü baha tapawudyny bilmek isleyürsiüiz, onda 
dile 2 dummy ulanmaly! 
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6 - NJY BÖLÜM .MULTICOLLINEARITY 


Âhli ykdysady  górkezijileriü arasynda bag bardyr.  Ekonometriki 
modelleri maksady, bagly görkeziji bilen garaşsyz górkezijiniü arasyndaky 
bagy  takyklasdyrmakdyr!  Yagny, bagly görkezijinii garaşsyz  górkezijà 
baglydygyny bilmek we bu bagy OLS usuly ulanmak arkaly matematiki sekilde orta 
çykarmak! Bizin girdejimiz kárhananyü peydasyna baglydyr: kárhananyü peydasy 
ençeme faktorlara  baglydyr mysal üçin inflyasiya derejesine:inflyasiya 
derejesi merkezi bankynyü alyp baryan pul syyasatyna bagly: pul syyasaty 
ykdysady syyasata bagly: ykdysady syyasat bolsa halkara ykdysady ve syyasy 
yagdaylara bagly! Yöne, garaşsyz górkezijileriü arasynda, matematiki gurlusy 

“gyzykly” (linear) şekilde görkezip boljak bag bolanda yagdaylar náhili 
bolar? Garaşsyz górkezijileriü arasynda “güyçli” linear bagyü bolmagyna 
ekonometrikada -  multicollinearity diyilyâr. Eger - de  ekonometriki 
modelimizi regressiyasynda şu asakdakylaryn birinin döremegi, ekonometriki 
modelimizde multicollinearity meselesiniñ bardygyny görkezer: 


e Bagly görkezili üçin dhmiyetlidigini  bilyándigimize garamazdan, 
garaşsyz górkezijiniü T - test hasabatynyü onuü “âhmiyetli dâldigini' 
görkezmegil 


ə Birnâçe garaşsyz görkezilileriü T - test hasabatlarynyü  "áhmiyetsiz" 
netije bermegine garamazdan, R” netijesiniñ yokary bolmagy! 


e Garaşsyz górkezijileriü arasyndaky correlation (baglanyşyk, gatnaşyk) 
gaty yokary bolmagy. 


Multicollinearity ömeselesiniü bolmagy, OLS usuly bilen Oo tapylan 
kafisentlerimizin “iñ dogry” kafisentdigini hiç bir şekilde şübhe döretmeli 
dáldir! Alsynda,  multicollinearity meselesi,  ekonometriki  seljerislerde 

"adaty Yagday diyip hasap edilyan meselelerdendir, we munyü üçin köp 
ykdysadcylaryn beryán maslahaty  "howsala düşmaü” . Multicollinearity meselesi 


bar bolan modellerde edilip bilinjek işler: 
e Hic zat! 


e Garaşsyz górkezijileriü birini modelden ayyrmak! 
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EXERCISE 10.27“: Aşakda (Şekil - 1) 1975 - 2005 yyllar aralygy üçin ABŞ - yü 
importy, jemi içerki önümi (GDP) ve alyiylaryü baha indeksi (CPI) barada 
maglumat berilen: 


Şekil-1 
TABLE 10.13 
US. Imports, GDP, Year CPI GDP Imports Year CPI GDP Imports 
and CPI, 1975-2005 1975 53.8 1,638.3 98185 1991 136.2 5,995.9 491020 
(For all urban 1976 56.9 1/8253 124228 1992 140.3 6733727 536528 
consumers; 1982-84= 1977 60.6 2,030.9 151907 1993 144.5 6,657.4 589394 
100, except as noted) 1978 65.2 2,294.7 176002 1994 148.2 7,072.2 668690 
Bye MO rere 1979 72.6 2,563.3 212007 1995 152.4 7259747 749374 
EE 1980 824  2,789.5 249750 1996 156.9 7,816.9 803113 
1981 90.9 3,128.4 265067 1997 160.5 8,304.3 876470 
1982 96.5 3,225.0 247642 1998 163.0 8,747.0 917103 
1983 99.6 3,536.7 268901 1999 166.6 9,268.4 1029980 
1984 103.9 3,933.2 332418 2000 1722 9,817.0 1224408 
1985 107.6  4,220.3 338088 2001 1771 10,128.0 1145900 
1986 109.6  4,462.8 368425 2002 179.9 10,469.6 1164720 
1987 113.6  4,739.5 409765 2003 184.0 10,960.8 1260717 
1988 118.3  5,103.8 447189 2004 188.99 11,712.5 1472926 
1989 124.0 5,4844 477665 2005 195.3 12,455.8 1677371 


5,803.1 498438 


a) Asakdaky ekonometrik modeliü  regressiya  netijenamasyny (Şekil - 2) 
górkezilen: 
Ln(imports), = [4 + B;Ln(GDP), + B3Ln(CPI), + üz 


Ln(imports), = 1.43 + 1.83Ln(GDP), — 0.84Ln(CPI), 


Şekil - 2 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.995951127 
R Square 0.991918647 
Adjusted R Square 0.991341408 
Standard Error 0.070913821 
Observations 31 
ANOVA 
df SS MS F Significance F 

Regression 2 17.28270756  8.64135378 1718.3832 5.0673E-30 
Residual 28 0.140805559  0.00502877 
Total 30 17.42351312 

Coefficients | Standard Error tStat P-value Lower 95% | Upper 9526 Lower 95.0% Upper 95.0% 
Intercept 1.437565686 0.269570465 5.332801153 1.117E-05 0.885375621 1.98975575 0.88537562 1.98975575 
LnGDP 1.830067073  0.182181675 10.04528626 8.71E-11 1.456884829 2.20324932 1.45688483 2.20324932 
LnCPI -0.8432658 0.283792693 -2.97141477 0.0060283 -1.42458878 -0.2619428 -1.4245888 -0.2619428 


? Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 358,Exercise 10.27 
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Regressiya  netijenama layyklykda jemi içerki önümiü 19  yokarlanmagy 
importlaryü takmynan 1.83% artmagyna getiryár. Inflyasiyanyn (alyjylaryü baha 
indeksi) 1% yokarlanmagy, importlaryü 0.84% düşmegine sebáp bolyar. 


b) R? = 0.99 yagny örün yokary bolmagy, multicollinearity meselesiniü 
bardygyna yşarat edyâr. Onsoñam, jemi içerki önümiü içinde inflyasiya 
oturan bolsa muña nominal jemi içerki önüm diyilyár, eger - de inflyasiya 
çykarylan bolsa onda muña hakyky jemi içerki önüm diyilyâr. Yagny, jemi 
içerki önüm bilen alyjylaryn baha indeksi arasynda güyçli correlation bar 
bolmagy mümkin. Muny barlamak üçin DATA ANALYSIS/CORRELATION test netijesi 
aşakda görkezilen. Górgüniz yaly jemi içerki önüm bilen alyjylaryn arasynda 
takmynan 1 - e - 1 baglanyşyk bar (yokary derejeli baglanyşyk): 


CPI GDP 
CPI 1 | 
GDP 0.9804734 1 
GDP Imports 
GDP 1 | 
Imports 0.984814925 1 | 
CPI Imports 
CPI ï | 
Imports 0.937352615 1) 


c) Aşakdaky regressiya netijenamalaryndan hem görünişi yaly, 3 görkeziliniü 
hem bir - birleri bilen bagy gaty güyçli (R? gaty yokary). 
Multicollinearity meselesiniñ barlygyna şübhe yok! 


_ SUMMARY OUTPUT | 
| 
| Regression Statistics | 
Multiple R 0.994670968 
R Square 0.989370335. 
_ Adjusted R Square 0.989003795 | 
Standard Error 0.079915064 
Observations 31 | 
| 
ANOVA | 
df | SS MS F Significance F 
_ Regression 1 17.23830701 17.23830701 2699.2139 3.57851E-30 
_ Residual 29  0.185206106 0.006386417 
Total 30 17.42351312 
| 
Coefficients Standard Error tStat P-value Lower 9596 | Upper 95% Lower 95.0% Upper 95.0% | 
Intercept 2.006855794 0.213707242 9.390677526 2.694E-10 1.569775408 2.44393618 1.56977541 2.44393618. 
LnGDP 1.29272008 0.024882032 51.95395986 3.579E-30 1.241830611 1.34360955 1.24183061 1.34360955 


| SUMMARY OUTPUT | 
| Regression Statistics 
Multiple R 0.98122101 
_ R Square 0.96279467 
Adjusted R Square 0.961511728 
Standard Error 0.149510414 
_ Observations 31 
ANOVA 
mü df SS MS F Significance F 
Regression 1, 16.77526557 16.77526557 750.45822 2.80845E-22. 
Residual 29 0.64824755 0.022353364 
_ Total 30 17.42351312 
| | 
[ Coefficients Standard Error | tStat P-value Lower 9594 | Upper 95% Lower 95.0% Upper 95.0% 5 
Intercept 3.578293204 0.348057157 10.28076318 3.508E-11 2.86643639 4.29015002 2.86643639 4.29015002 


LnCPI 1.986499274 


0.072514549 27.39449248 


2.808E-22 1.838190368 2.13480818 1.83819037 2.13480818 


_ SUMMARY OUTPUT | | L 
| | | | 

Regression Statistics | | 

| Multiple R | 0.992628763 | 
R Square ` | 0.985311861 | | 

Adjusted R Square 0.984805374. | | 

Standard Error  0.072281506, | iH 
Observations | 31 | 

| | 

ANOVA | | | 

| df SS MS F | Significance F | 
Regression | 1| 10.1638754 10.1638754 1945.3822 3.8996E-28 | 

Residual | 29 0.151513869 0.005224616 | | || 
Total | 30 10.31538927 | | 

| | | | g 

| Coefficients | Standard Error | t Stat P-value | Lower95% | Upper 95% Lower 95.0% Upper 95.0% | 

Intercept 1.169753585 0.168269855 6.951652652 1.216E-07 0.825603089 1.51390408 0.82560309 1.51390408 

LnCPI 1.546263038 0.035057497 44.10648723 3.9E-28 1.474562407 1.61796367 1.47456241 1.61796367 
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EXERCISE 10.29“: Aşakda (Şekil - 3) 1971 - 1986 yyllar arasy ABS - da satylan 
ulaglar ve degişli maglumatlar berilen. 


Şekil - 3 
TABLE 10.14 ce eec ccc ur EE 
Passenger Car Data year i Xə Xs ə Xs Xs 
ME AL: 1971 10,227 112.0 121:3 776.8 4.89 79,367 
2 1972 10,872 111.0 125.3 839.6 4.55 82,153 
Current Survey of Business, 1973 1 1,350 1 1 1 ai 1 33.1 949.8 7.38 85, 064 
Us: Department ot Commerce: 1074 8,775 117.5 147.7 1,038.4 8.61 86,794 
1975 8,539 127.6 161.2 1,142.8 6.16 85,846 
1976 9,994 1557 170.5 1,252.6 5:22 88,752 
1977 11,046 142.9 181.5 13793 5.50 92,017 
1978 11,164 153.8 195:3 1,551.2 7.78 96,048 
1979 10,559 166.0 2177 1072973 10.25 98,824 
1980 8,979 1795 247.0 1,918.0 11.28 99,303 
1981 8,535 190.2 2/25 2127.6 13:73 100,397 
1982 7,980 197.6 286.6 2,261.4 11.20 99,526 
1983 9 179 202.6 297.4 2,428.1 8.69 100,834 
1984 10,394 208.5 307.6 2,670.6 9.65 105,005 
1985 11,039 215:2 318.5 2,841.1 7:72 107,150 


109,597 


Y - satylan ulaglaryn mukdary, müfüde 
Xa - tâze ulaglaryü baha indeksi 
X; - áhli harytlaryü baha indeksi 
X, - girdejinin harajatlar üçin ayrylan bölegi, milyard USD 
X: - karz göterimi, göterimde 
X: - jemi işli adam sany, müñde 


a) Asakdaky model regressiya üçin saylanyldy we netijenamasy (Şekil - 4) 
görkezilen: 
Y, = 14660 — 98.5X3, + 9.7X4, 


. 
Şekil - 4 
SUMMARY OUTPUT 
Regression Statistics 

Multiple R 0.822408689 
R Square 0.676356052 
Adjusted R Square 0.626564676 
Standard Error 711.0957144 
Observations 16 
ANOVA 

df SS MS F Significance F 
Regression 2 13737489.26  6868744.628 13.58379903 0.000653791 
Residual 13  6573542.495 505657.115 
Total 15  20311031.75 

Coefficients Standard Error t Stat P-value Lower 9596 Upper 95% Lower 95.0% Upper 95.0% 

Intercept 14660.03146 1010.04519 14.51423323 2.07075E-09 12477.96149 16842.10143 12477.9615 16842.10143 
x3 -98.52430559 18.9027642  -5.212163922 0.00016751 -139.3612449 -57.6873663 -139.36124 -57.6873663 


9.702819027 1.876487902 5.170733591 0.000180039 5.64891338 13.75672467 5.64891338 13.75672467 


°° Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 359,Exercise 10.29 
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Regressiya netijenama layyklykda (Şekil - 4): harajatlar üçin ayrylan girdeji 
böleginiü 1 milyard USD artmagy, takmynan 9700 ulagyn artyk satylmagyna sebâp 
bolyar. Alyiylaryü Baha indeksinin yokarlanan her 1 indeksi üçin jemi satylan 
ulag sany takmynan 98500 ulag azalyar. (Bahalaryü yokarlanmagy haryda talabyü 
azalmagyna seböp bolyar). 


b) Âhli garassyz górkezijileri ekonometriki modele salyp bolmaz sebábi kábir 
görkezilileriü arasynda örân güycli bag bar, mysal üçin X, bilen X; 
arasynda, Yagny: 


x2 X3 
x2 1 | 
X3 0.996864584 1| | 


c) Multicollinearity meselesini çözmek üçin garaşsyz görkezijileriň arasynda 
güyçli bag bolanlaryny modelden ayyryp çözüldil 


EXERCISE 10.3051: 1970 - nji yyllarda ABŞ - da 6000 maşgalanyü girdejileri we 
beyleki degişli maglumatlary yygnamak arkaly, aylyklaryü  galdyrylmagy 
isgárleriü iş sagadyny artdyrmagyna ya - da azalmagyna getirjekligini seljeris 
getirmek üçin aşakdaky (Şekil - 5) maglumatlar yygnaldy. 


Hours - yylda işlenen jemi sagat 
Rate - ortaça sagatlayyn aylyk, USD 
ERSP - ayalyü/adamyá yyllyk gazaniy, USD 
ERNO - galan maşgala agzalaryn yyllyk gazaniy, USD 
NEIN - gayry Yyllyk girdeji, USD 
Assets - masgalanyñ jemi aktiwleri, USD 
Age - maşgala basynyü ortaça yasy 
Dep - garamagyndaky maşgala agzalaryü ortaça sany 
School - maşgala basynyn ortaça tamamlan okuw yyly 


> Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 360,Exercise 10.30 
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Sekil - 5 


TABLE 10.15 Observation Hours Rate ERSP ERNO NEIN Assets Age DEP School 
Hours of Work and 


Other Data for 1 2157 2.905 1121 291 380 7250 38.5 2.340 10.5 
35 Groups 2 2174 2.970 1128 301 398 7744 39.3 2.335 10.5 
a ni 3 2062 2.350 1214 326 185 3068 40.1 2.851 8.9 
ULU e 4 2111 2.511 1203 49 117 1632 224 1459 11.5 
and the Working Poor, Rand 5 2134 2.791 1013 594 730 12710 57.7 1.229 8.8 
sula 6 2185 3.040 1135 287 382 7706 38.6 2.602 10.7 

7 2210 3.222 1100 295 474 9338 390 2487 11.2 

8 2105 2.493 1180 310 255 4730 39.9 2.616 9.3 


9 2267 2.838 1298 252 431 8317 38.9 2.024 11.1 
10 2205 2.356 885 264 373 6789 38.8 2.662 gö 
11 Zi) Ze TAZƏ | 328 312 5907 398 2.287 10.3 
12 2109 2.499 1207 347 271 5069 39.7 3.193 8.9 
13 2108 2.796 1036 300 259 4614 38.2 2.040 9.2 
14 2047 2453 1213 297 139 1987 40.3 2.545 9.1 
15 2174 3.582 1141 414 498 10239 40.0 2.064 11.7 
16 2067 2.909 1805 290 239 4439 39.1 2.301 10.5 
17 2159 2.511 1075 289 308 5621 39.3 2.486 9.5 
18 2257 2.516 1093 176 392 7293 37.9 2.042 10141 
19 1985 1423 553 381 146 1866 40.6 3.833 6.6 
20 2184 3.636 1091 291 560 11240 39.1 2.328 11.6 
21 2084 2.983 1327 33 296 5653 39.8 2.208 10.2 
22 2051 2.573 1194 279 172 2806 40.0 2.362 9.1 
23 2127 3.262 1226 314 408 8042 39.5 2.259 10.8 
24 2102 3.234 1188 414 352 7557 39.8 2.019 107 
25 2098 2.280 973 364 272 4400 40.6 2.661 8.4 
26 2042 2.304 1085 328 140 1739 41.8 2.444 8.2 
27 2181 2.912 1072 304 383 7340 39.0 2.337 102 
28 2186 3.015 1122 30 352 7292 37.2 2.046 10.9 
29 2188 3.010 990 366 374 7325 38.4 2.847 10.6 
30 2077 1.901 350 209 95 1370 37.4 4.158 8.2 
31 2196 3.009 947 294 342 6888 37.5 3.047 10.6 
32 2093 1.899 342 311 120 1425 37.5 4.512 8.1 
33 2173 2.959 1116 296 387 7625 39.2 2.342 10.5 
34 2179 2.971 1128 312 397 7779 39.4 2.341 10.5 
35 2200 2.980 1126 204 393 7885 39.2 2.341 10.6 


Regressiya netijenamasy aşakda (Şekil - 6) berilen. 


Regressiyamyzda multicollinearity meselesinin bardygy górünyár sebábi jemi 
8 garaşsyz górkezijiniü dine biriniü (ERNO) T - testiniü netijesi (-2.19) 
95%  áhtimallyk bilen bu görkezijinii âhmiyetlidigini (significant) 
görkezmegine garamazdan, R? = 0.825, óràn yokary! 


Multicollinearity meselesini çözmek üçin ilki bilen haysy garaşsyz 
gorkezijilerin arasynda güyçli we gönümel matematiki bagyü bardygyny 
anyklamak gerekli, munyü üçin garaşsyz görkezijileril arasyndaky 
correlation testi amala aşyrmaly. Ondan soüra, şol bir - birine gaty bagly 
garaşsyz görkezijileril birini modelden ayyrmaly. 


Şekil - 6 


SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.908600493 
R Square 0.825554856 
Adjusted R Square 0.771879428 
Standard Error 30.62278534 
Observations 35 
ANOVA 
df ss MS F Significance F 

Regression 8 115385.1133 14423.13917 15.38049858 4.5684E-08 
Residual 26 24381.62953 937.754982 
Total 34 139766.7429 

Coefficients Standard Error t Stat P-value Lower95% | Upper95% Lower 95.0% Upper 95.0% 
Intercept 1904.577582 251.9332788 7.559849145 5.02627E-08 1386.72131 2422.433853 1386.72131 2422.43385 
Rate -93.75255153 47.14499789 -1.988600185 0.057366819 -190.660483 3.155379512 -190.66048 3.15537951 
ERSP 0.000225467 0.038254781 0.005893816 0.995342433 -0.07840836 0.078859295 -0.0784084 0.07885929 
ERNO -0.214966303 0.097939175 -2.194895989 0.037298296 -0.41628316 -0.013649445 -0.4162832 -0.0136494 
NEIN 0.157208  0.516405885 0.304427205 0.763225794 -0.9042795 1.218695499 -0.9042795 1.2186955 
Assets 0.015572397 0.025404822 0.612970127 0.545221126 -0.03664796  0.067792756 -0.036648 0.06779276 
Age -0.348636374 3.722331365 -0.093660757 0.926096684 -7.99999807 7.302725327 -7.9999981 7.30272533 
DEP 20.72803297 16.88047291 1.227929637 0.2304743 -13.970276 55.42634196 -13.970276 55.426342 
School 37.3256255  22.66519558 1.646825653  0.11162936 -9.26335124 83.91460224 


-9.2633512 


83.9146022 | 


d) Rate (90% öhtimallyk 


bilen  áhmiyetli  görkezili) 


bilen áhmiyetli górkeziji) we 


górkezijileriniü 
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ERNO (95% áthimallyk 


kafisentine 


layyklykda, 


sagatlayyn tólegiü we gayry girdejilerin artmagy, iş sagadynyü azalmagyna 
sebáp bolar! (Galan górkezijiler âhmiyetlilik testi gecmánligi üçin 
seljerisde ulanamyzok!) 


EXERCISE 10.21?: Aşakda (Şekil - 7) ABS - yü 47 welayatyndan 1960 


yyldaky jenayat bilen baglanysykly statistiki maglumaty berilen: 


R - jenayat arzalary, her 1,000,000 ilatdan 
Age - 14 - 24 yasly erkek sany, her 1000 ilatdan 
S - dummy górkeziji, günortada yerlesyán welayatlar (S - 1 günorta, S - 0 dal) 


ED - 25 yaşly we şondan uly rayatyn ortaça mekdepde okan yyl sany *10 


- niy 


EX) - 1960 - niy yylda her bir welayatyü adam başyna düşyân polisiya isgárleri 
üçin cykdajy 
EX; - 1959 - niy yylda her bir welayatyü adam başyna düşyân polisiya isgárleri 
üçin cykdajy 
LF - erkek işgâr güyii, her 1000 ilatdan 
M - erkek sany, her 1000 ayala düsyàn 
N - welayatyn ilat sany, 100,000 bölünen 
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NW - Yevropeid dül ilat sany, her 1000 ilatdan 
U, - sáherde yaşayan işsiz erkek sany, her 1000 ilatdan, 14 - 24 yaş aralyoy 
U, - sáherde yaşayan işsiz erkek sany, her 1000 ilatdan, 35 - 39 yaş aralygy 
W - girdeji USD, 10 bölünen 
X - girdejisi, ortaça girdejiniñ yarysyndan az bolan maşgala sany, 1000 
maşgaladan 


Şekil - 7 


TABLE 10.16 U.S. Crime Data for 47 States in 1960 


Observation R Age $ ED EXo EX; LF M N NVV Ui U; w X 
1 79.1 151 1 91 58 56 510 950 33 301 108 41 394 261 
2 163.5 143 0 113 103 95 583 1012 13 102 96 36 S57 194 
3 57.8 142 1 89 45 44 533 969 18 219 94 33 318 250 
4 196.9 136 0 121 149 141 577 994 157 80 102 39 673 167 
5 123.4 141 0 121 109 101 591 985 18 30 91 20 578 174 
6 68.2 121 0 110 118 115 547 964 25 44 84 29 689 126 
7 96.3 127 1 111 82 79 519 982 4 139 97 38 620 168 
8 155.5 131 1 109 115 109 542 969 50 179 79 35 472 206 
9 85.6 157 1 90 65 62 553 955 39 286 81 28 421 239 
10 70.5 140 0 118 7 68 632 1029 7 15 100 24 $26 174 
11 167.4 124 0 105 121 116 580 966 101 106 77 35 657 170 
12 84.9 134 0 108 75 71 595 972 47 59 83 31 580 172 
13 51.1 128 0 113 67 60 624 972 28 10 77 25 507 206 
14 66.4 135 0 117 62 61 595 986 22 46 77 27 529 190 
15 79.8 152 1 87 57 53 530 986 30 72 92 43 405 264 
16 94.6 142 1 88 81 77 497 956 33 321 116 47 427 247 
17 53.9 143 0 110 66 63 537 977 10 6 114 35 487 166 
18 92.9 135 1 104 123 115 537 978 31 170 89 34 631 165 
19 75.0 130 0 116 128 128 536 934 51 24 78 34 627 135 
20 122.5 125 0 108 113 105 567 985 78 94 130 58 626 166 
21 74.2 126 0 108 74 67 602 984 34 12 102 33 557 195 
22 43.9 157 1 89 47 44 512 962 22 423 97 34 288 276 
23 121.6 132 0 96 87 83 564 953 43 92 83 32 513 227 
24 96.8 131 0 116 78 73 574 1038 7 36 142 42 540 176 
25 52.3 130 0 116 63 57 641 984 14 26 70 21 486 196 
26 199.3 131 0 121 160 143 631 1071 3 77 102 41 674 152 
27 34.2 135 0 109 69 71 540 965 6 4 80 22 564 139 
28 121.6 152 0 112 82 76 571 1018 10 79 103 28 537 215 
29 104.3 119 0 107 166 157 521 938 168 89 92 36 637 154 
30 69.6 166 1 89 58 54 521 973 46 254 72 26 396 237 
31 37.3 140 0 93 55 54 535 1045 6 20 135 40 453 200 
32 75.4 125 0 109 90 81 586 964 97 82 105 43 617 163 
33 107.2 147 1 104 63 64 560 972 23 95 76 24 462 233 
34 92.3 126 0 118 97 97 542 990 18 21 102 35 589 166 
35 65.3 123 0 102 97 87 526 948 113 76 124 50 572 158 
36 127.2 150 0 100 109 98 531 964 9 24 87 38 559 153 
37 83.1 177 1 87 58 56 638 974 24 349 76 28 382 254 
38 56.6 133 0 104 51 47 599 1024 7 40 99 27 425 225 
39 82.6 149 1 88 61 54 515 953 36 165 86 35 395 251 
40 115.1 145 1 104 82 74 560 981 96 126 88 31 488 228 
41 88.0 148 0 122 72 66 601 998 9 19 84 20 590 144 
42 54.2 141 0 109 56 54 523 968 4 2 107 37 489 170 
43 82.3 162 1 99 75 70 522 996 40 208 73 27 496 224 
44 103.0 136 0 121 95 96 574 1012 29 36 111 37 622 0162 
45 45.5 139 1 88 46 41 480 968 19 49 138 53 457 249 
46 50.8 126 0 104 106 97 599 989 40 24 78 25 593 171 
47 84.9 130 0 121 90 91 623 1049 3 22 113 40 588 160 


SUMMARY OUTPUT 

Regression Statistics 
Multiple R 0.854186532 
R Square 0.729634632 


Adjusted R Square 
Standard Error 


0.696663246 
21.30134851 
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Observations 47 
ANOVA 
df SS MS F Significance F 

Regression 5 50205.63121 10041.12624 22.12932827 1.1049E-10 
Residual 41 18603.64539 453.7474486 
Total 46 68809.2766 

Coefficients Standard Error tStat P-value Lower 95% | Upper95% Lower 95.026 Upper 95.0% 
Intercept -524.374327 95.11556924 -5.513023064 2.12659E-06 -716.464116 -332.284538 -716.464116 -332.284538 
AGE 1.01982185 0.353202729 2.887355521 0.006175068 0.30651447 1.733129233 0.30651447 1.733129233 
ED 2.03077257 0.474188981 4.282622865 0.000108615 1.0731285 2.988416644 1.0731285 2.988416644 
EX 1.23312222 0.14163467 8.706358528 7.25967E-11 0.9470852 1.51915924 0.9470852 1.51915924 
uz 0.913608149 0.434091937 2.104642058 0.041495841 0.0369417 1.790274601 0.0369417 1.790274601 
x 0.146846001 4.323751932 9.55936E-05 0.33836417 0.931487197 0.33836417 0.931487197 | 


0.634925681 


Yokardaky regressiya netijenama saylanylüy (Şekil - 8) we mufa layyklykda: 14 
- 24 yaşlylaryü artmagy, 25 yaşdan ulularyñ okan yyllarynyn artmagy, polisiya 
çykdajylaryü artmagy, 34 - 35 yaşlylaryü işsizliginiü artmagy ve garyp 
masgalalaryn sanynyü artmagy jenayatyñ artmagyna getiryâr! 


EXERCISE 10.33°°: Aşakda (Şekil - 9) degişli maglumatlar berilen: 


Y - işli adamlaryn sany, müñde 
X, - jemi içerki önümiü baha deflyatory 
X, - jemi içerki önüm 
X; - işsiz adamlaryn sany,müşde 
Xa - harby gullukda isleyánleriü sany, mühde 
Xs - hususy pudakda isleydnlerin sany, müñde 
Xs - yyllar (trend) 


` Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 361,Exercise 10.33 


TABLE 10.17 
Updated Longley 
Data, 1959-2005 


Source: Department of Labor, 
Bureau of Labor Statistics and 
http://siadapp-dmdc.osd.mil/ 
personnel/MILITARY/Miltop. 
htm. 


Observation 


1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 


y 


64,630 
65,778 
65,746 
66,702 
67,762 
69,305 
71,088 
72,895 
74,372 
75,920 
77,902 
78,678 
79,367 
82,153 
85,064 
86,794 
85,846 
88,752 
92,017 
96,048 
98,824 
99,303 

100,397 
99,526 

100,834 

105,005 

107,150 

109,597 

112,440 

114,968 

117,342 

118,793 

117,718 

118,492 

120,259 

123,060 

124,900 

126,708 

129,558 

131,463 

133,488 

136,891 

136,933 

136,485 

137,736 

139,252 


Sekil - 9 
Xı X2 

82.908 509,300 

84.074 529,500 

85.015 548,200 

86.186 589,700 

87.103 622,200 

88.438 668,500 

90.055 724,400 

92.624 792,900 

95.491 838,000 

99.56 916,100 
104.504 990,700 
110.046 1,044,900 
115.549 1,134,700 
120.556 1,246,800 
127.307 1,395,300 
138.82 1,515,500 
151.857 1,651,300 
160.68 1,842,100 
170.884 2,051,200 
182.863 2,316,300 
198.077 2,595,300 
216.073 2,823,700 
236.385 3,161,400 
250.798 3,291,500 
260.68 3,573,800 
270.496 3,969,500 
278.759 4,246,800 
284.895 4,480,600 
292.691 4,757,400 
302.68 5,127,400 
314.179 5,510,600 
326.357 5,837,900 
337.747 6,026,300 
345.477 6,367,400 
353.516 6,689,300 
361.026 7,098,400 
368.444 7,433,400 
375.429 7,851,900 
381.663 8,337,300 
385.881 8,768,300 
391.452 9,302,200 
399.986 9,855,900 
409.582 10,171,600 
416.704 10,500,200 
425.553 11,017,600 
437.795 11,762,100 


Xa 


3,740 
3,852 
4,714 
3,911 
4,070 
3,786 
3,366 
2,875 
2,975 
2,817 
2,832 
4,093 
5,016 
4,882 
4,365 
5,156 
7,929 
7,406 
6,991 
6,202 
6,137 
7,637 
8,273 

10,678 

10,717 
8,539 
8,312 
8,237 
7,425 
6,701 
6,528 
7,047 
8,628 
9,613 
8,940 
7,996 
7,404 
7,236 
6,739 
6,210 
5,880 
5,692 
6,801 
8,378 
8,774 
8,149 


Xa 


2552 
2514 
2573 
2827 
2737 
2738 
2722 
3123 
3446 
3535 
3506 
3188 
2816 
2449 
2327 
2229 
2180 
2144 
2133 
2117 
2088 
2102 
2142 
2179 
2199 
2219 
2234 
2244 
2257 
2224 
2208 
2167 
2118 
1966 
1760 
1673 
1579 
1502 
1457 
1423 
1380 
1405 
1412 
1425 
1423 
1411 


Xs 


120,287 
121,836 
123,404 
124,864 
127,274 
129,427 
131,541 
133,650 
135,905 
138,171 
140,461 
143,070 
145,826 
148,592 
151,476 
154,378 
157,344 
160,319 
163,377 
166,422 
169,440 
172,437 
174,929 
177,176 
179,234 
181,192 
183,174 
185,284 
187,419 
189,233 
190,862 
192,644 
194,936 
197,205 
199,622 
201,970 
204,420 
207,087 
209,846 
212,638 
215,404 
218,061 
220,800 
223,532 
226,223 
228,892 
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a) Aşakda (Şekil - 10) garassyz górkezijileriü correlation testi görkezilen: 


b) Regressiya netijenamasy aşakda 
görkeziiiniü (Xs) âhmiyetli 


0.93, 


Şekil - 10 
xi x2 
xi i 
X2 0.969383 1 
X4 X5 
x4 1 
x5 -0.87096 


yagny örân yokary! 


bardygyny añladyar! 


(Şekil - 
bolmagyna (T - test 


11) 


Bu, 


görşüliz yaly, 


114 


yekeje 
2.13) garamazdan, R”- 


modelde multicollinearity meselesinin 


Şekil - 11 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.966647331 
R Sguare 0.934407063 
Adjusted R Sguare 0.924568123 
Standard Error 7613.497052 
Observations 47 
ANOVA 
df SS MS F Significance F 

Regression 6 3.303E+10 5504985071 94.97029298 4.413E-22 
Residual 40 2.319E+09 57965337.4 
Total 46 3.535E410 

Coefficients 'tandard Erro. tStat P-value Lower 9596 | Upper 95% Lower 95.026 Upper 95.0% 
Intercept 136727.7553 117433.75 1.16429689 0.251201208 -100614.72 374070.226 -100614.72 374070.2262 
x1 -64.2300581 78.377444 -0.8194967 0.417359386 -222.63678 94.1766652 -222.63678 94.17666523 
x2 -0.00199539 0.0018095  -1.1027594 0.276722399 -0.0056524 0.00166165 -0.0056524 0.00166165 
x3 -0.2664795  1.1916358 -0.223625 0.824187357 -2.6748653  2.14190631 -2.6748653 2.141906306 
x4 1.905285494 4.3322955 0.4397866 0.662458791 -6.8506102 10.6611812 -6.8506102 10.66118123 
XS -0.7731831 0.9871616 -0.7832386 0.438100037 -2.7683111 1.22194491 -2.7683111 1.221944913 


X6 


5015.101985 2351.4568 


2.13276384 


0.039132726 262.63057 


9767.5734 


262.63057 9767.573404 
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EXERCISE 10.34: Aşakda (Şekil - 12) cheddar görnüşi peynirin 30 dürlüsi 
berilen ve adamlaryü dadyp görenden sonra pikirleri soralan (Taste). 


Taste - tagamy 

Acetic - düzümindâki asetik asid konsentratynyn logarithmasy 
HS - düzümindáki hidrosulfatyn konsentratynyn logarithmasy 
Lactic - düzümindáki laktik konsentraty 


Şekil - 12 
TABLE 10.18 : 
Chemicals in Cheeses əə AUS 777 
Source: http://lib.stat.emu.edu/ 1 12.30000 4.543000 
DASL/Datafiles/Cheese.html. 2 20.90000 5.159000 
3 39.00000 5.366000 
4 47.90000 5.759000 
5 5.600000 4.663000 
6 25.90000 5.697000 
7 37.30000 5.892000 
8 21.90000 6.078000 
9 18.10000 4.898000 
10 21.00000 5.242000 
11 34.90000 5.740000 
12 57.20000 6.446000 
üs 0.700000 4.477000 
14 25.90000 5.236000 
15 54.90000 6.151000 
16 40.90000 3.365000 
17 15.90000 4.787000 
18 6.400000 5.142000 
19 18.00000 5.247000 
20 38.90000 5.438000 
21 14.00000 4.564000 
22 15.20000 5.298000 
23 32.00000 5.455000 
24 56.70000 5.855000 
25 16.80000 5.366000 
26 11.60000 6.043000 
27 26.50000 6.458000 
28 0.700000 5.328000 
29 13.40000 5.802000 
30 5.500000 6.176000 


H2S 


3.135000 
5.043000 
5.438000 
7.496000 
3.807000 
7.601000 
8.726000 
7.966000 
3.850000 
4.174000 
6.142000 
7.908000 
2.996000 
4.942000 
6.752000 
9.588000 
3.912000 
4.700000 
6.174000 
9.064000 
4.949000 
5.220000 
9.242000 
10.19900 
3.664000 
3.219000 
6.962000 
3.912000 
6.685000 
4.787000 


Lactic 


0.860000 
1.530000 
1.570000 
1.810000 
0.990000 
1.090000 
1.290000 
1.780000 
1.290000 
1.580000 
1.680000 
1.900000 
1.060000 
1.300000 
1.520000 
1.740000 
1.160000 
1.490000 
1.630000 
1.990000 
1.150000 
1.330000 
1.440000 
2.010000 
1.310000 
1.460000 
1.720000 
1.250000 
1.080000 
1.250000 


a) Scatterplot bolanok sebábi âhli nokatlar bir - birini üstüne düsyár! 
b) Regressiya netijenamasyna (Şekil - 12) layyklykda: peyniriü düzümindüki 
artmagy, tagamlylygy takmynan 5.5 nokat 


gidrosulfat konsentratynyü 15 
artmagyna getiryár. 
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SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.766698042 
R Square 0.587825888 
Adiusted R Square 0.557294472 
Standard Error 10.81570105 
Observations 30 
ANOVA 
df SS MS F Significance F 

Regression 2 4504.44316 2252.22158 19.25314875 6.36194E-06 
Residual 27 3158.443507 116.9793891 
Total 29 7662.886667 

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 
Intercept -25.67617917 16.32977744 -1.57235328 0.127515091 -59.18211484 7.8297565 -59.1821148 7.829756504 
Acetic 3.253508478 3.113979461 1.044807302 0.305376497 -3.135849607 9.64286656 -3.13584961 9.642866563 
H2S 5.499416031  0.980732971 5.60745503 5.9873E-06 3.487118193 7.51171387 3.48711819 


7.51171387 


c) Tegressiya netijenamasyna (Şekil - 13) layyklykda: peynirin düzümindüki 
hidrosulfatyn 1% artmagy tagamlylygy takmynan 4 nokat, 
nokat artmagy bolsa tagamlylygy takmynan 20 nokat artmagyna getiryár. 


Şekil - 13 


laktik asidin 1 


SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.807280842 
R Square 0.651702358 
Adjusted R Square 0.625902533 
Standard Error 9.942362328 
Observations 30 
ANOVA 
df SS MS F Significance F 

Regression 2 4993.921313 2496.960656 25.25995237 6.55137E-07 
Residual 27, 2668.965354 98.85056866 
Total 29 7662.886667 

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 
Intercept -27.59181523 8.98182528 -3.07196081 0.004812921 -46.02099844 -9.16263203 -46.0209984 -9.16263203 
H2S 3.946267336 1.135692166 3.474768475 0.001742869 1.616019492 6.27651518 1.61601949 6.276515179 
Lactic 19.88720448 7.959009069 2.498703583 0.01884987 3.556666788 36.2177422 3.55666679 36.21774216 


d) Regressiya netijenama 


(Sekil - 


14) 


layyklykda: 


hidrosulfatyn 1% artmagy tagamlylygy takmynan 4 nokat, 
nokat artmagy bolsa tagamlylygy takmynan 19 nokat artmagyna getiryár. 


peyniriá  düzümindáki 


laktik asidiü 1 


Şekil - 14 


SUMMARY OUTPUT 

Regression Statistics 
Multiple R 0.8094379 
R Square 0.655189714 
Adjusted R Square 0.615403912 
Standard Error 10.08090759 
Observations 30 
ANOVA 

df SS MS F Significance F 

Regression 3 5020.644524 1673.548175  16.46792769 3.35986E-06 
Residual 26 2642.242142 101.6246978 
Total 29 7662.886667 


t Stat P-value Lower 95% 


Upper 95% Lower 95.0% 
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Upper 95.0% 


Coefficients Standard Error 
Intercept -34.1349121 15.67628074 
Acetic 1.538645157 3.00050105 
H2S 3.915241382 1.153106261 


Lactic 18.8023472 


(Şekil 
regressiyada âhmiyetli bolup görünmedi. Aşakda (Şekil - 15) correlation 
test netijeleri görkezilen. 


e) Regressiyalardan 


Acetic 
H2S 


H2S 
Lactic 


Acetic 


Lactic 


8.342613569 


-2.17748793 
0.512796074 
3.395386455 
2.2537718 


0.038708084 
0.612423478 
0.002210352 
0.032866646 


-66.35796865 
-4.628973081 
1.544997516 
1.653859413 


13) saylanardyr, 


Sekil - 15 


Acetic H2S 
1 
0.270009561 
H2S Lactic 
1 
0.644812285 
Acetic Lactic 
1 


0.360732711 


-1.91185556 
7.7062634 
6.28548525 
35.950835 


sebabi 


-66.3579686 
-4.62897308 

1.54499752 
1.65385941 


-1.91185556 
7.706263396 
6.285485248 
35.95083499 


Acetic hiç bir 
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7 - NJI BÖLÜM .HETEROSCEDASTICITY 


OLS usulyny ulanmagyü şertlerinden biri”: Yalüyşlyklaryü, caklamalaryü 
tówereginde (ya - da çaklamalar cyzygynyñ tövereginde) deň derejede 
“syçrama” şertidir. Muña, ekonometrikidi dilde “homoscedasticity” diyilyâr. 
Yagny: 
varlı) = o? 


Ençeme sebäplerden yaña modelimiziü bu şerti bozulup bilýär (maglumatlaryñ 
yalüyş Yygnalmagy: adamlaryň wagtyň geçmegi bilen geçen döwürde edilen 
yalüyşlyklary gelejek döwürlerde düzeltmek - öwrenmek yagdayy: ekonometriki 
modelimiziň ýalňyş matematiki şekilde bolmagy: garaşsyz görkezijileriň birinde 
skewness - gyşarma bolan yagdayynda) ve ekonometriki modellerimizi hökmany 
derejede heteroscedasticity testi arkaly barlamaly. Modelimizde 
heteroscedasticity meselesiniñ bolmagy Yagdayynda, aslynda âhmiyetli bolan 
gorkezijimizin,  "áhmiyetsiz"  górünmegi gaty mümkindir, sebábi şol görkeziji 
iñ dogra yakyn hem bolsa, variance (umumy yalüyslygy) yokary bolany sebápli T 
- testi dogry maglumaty görkezmin  bilyár. Sonun üçinem,  ekonometriki 
modellerimizin regressiyasyndan sonra, hökmany suratda heteroscedasticity 
testini geçirmeli ve  heteroscedasticity meselesinin barlygyny ya - da 
yoklugyny anyklamaly. Heteroscedasticity anyklama testleri az dáldir: Park 
testi, White testi, Gleiser testi, Goldfeld - Quandt testi, Breusch - Pagan - 
Godfrey testi, we başgalary. Hiç bir testin bir - birinden üstünligi yokdur we 
men bu kitapda Park testi ve White testi ulanmakçy. Eger - de 
heteroscedasticity meselesi bar bolan yagdayynda, muny GLS (Generalized Least 
Squares) usuly arkaly düzeltmelil 


EXERCISE 11.229: Aşakda (Şekil - 1) 1969 - niy yylda yurtlardaky körhanalaryü 
paynamalarynyü bahalarynyü üytgemegi (Stock Prices, Y) we alyiylaryü baha 
(Consumer prices, X) üytgemeleri görkezilen: 


a) Biriniilik bilen regressiya netijenamsyny ve yalüyşlyklaryü sanawyny alalyü 
(Şekil - 2): Regressiya netijenamasynda görünişi yaly, alyiylaryü 
bahalarynyü dtapavudiynyü 1 yokarlanmagy, paynamalaryü bahalarynyn 
tapawudynyl 0.75 yokarlanmagyna getiryür. Yagny, harytlaryü we hyzmatlaryü 
bahalarynyn yokarlanmagy,  paynamalaryü hem  bahalarynyü  gymmatlamagyna 


° Şu kitabyü 2 - nji bölümi. 
°° Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009 ,page 408,Exercise 11.22 
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getiryár. Paynamalaryü bahalarynyü üytgemegine takmynan harytlaryn ve 
hyzmatlaryn bahalarynyn üytgemegi 58% tasirini yetiryar (R*=0.58). 


Sekil - 1 
nasb Rate of Change, % per Year 
Prices, Post- World Stock Prices, Consumer Prices, 
War II Period Country Y X | 
(through 1969) 1. Australia 5.0 4.3 
Source: Phillip Cagan, Common 2. Austria UK 4.6 
27077 3. Belgium 32 24 
Countries, National Bureau of 4. Canada 7:9 2.4 
Economic Research, Suppl., 5. Chile 25.5 26.4 
March 1974, Table 1, p. 4. 6. Denmark 3.8 4.2 
7. Finland 11.1 555 
8. France 9.9 4.7 
9. Germany 13:3 2.2 
10. India eS 4.0 
11. Ireland 6.4 4.0 
12. Israel 8.9 8.4 
13. Italy 8.1 3.3 
14. Japan 13.5 4.7 
15. Mexico 4.7 552 
16. Netherlands 75 3.6 
17. New Zealand 4.7 3.6 
18. Sweden 8.0 4.0 
19. United Kingdom ZES, 319 
20 


. United States 9.0 2.1 


b) Indiki ddim bolsa heteroscedasticity anyklama testlerini geçirmeli. Ilki 
bilen Park testi bilen baslalyn. Park testi üçin gerekli zatlar: 


ə Yalüyslyklar (residuals) 


Yalüyslyklary tapmak üçin bolsa adaty regressiyany etmek yeterlikdir (Şekil 
- 2). Yalüyslyklar tapylandan son suny amala asyrmaly: 


Eger - de garaşsyz górkezijimiz  "áhmiyetli" bolaysa (T - test), diymek, 

heteroscedasticity meselesi bar! “İhmiyetsiz” bolmagy bolsa, 

heteroscedasticity meselesinin yoklugyny afüladar. Park testi diyilip ynha 

şuüa aydylyar. Aşakda (Şekil - 3) Park testi regressiya netijenamasy 

görkezilen we görşüliz yaly, garaşsyz  górkeziji yalüyşlyklar üçin 
"ühmiyetsiz" (T - test = - 0.49). 


SUMMARY OUTPUT 


Regression Statistics 
R Square 0.586380384 
Adjusted R Square 
Standard Error 


Observations 


0.563401517 
3.390969075 
20 


ANOVA 
MS F Significance F 

Regression 1| 293.425917| 293.4259172| 25.5182456  8.305E-05 
Residual 18| 206.976083 a o 
Total 19 500.402 

(0841017: 110117 1 

Coefficients Standard Erroi Upper 9596 Lower 95.096 | Upper 95.096 
Intercept 4.610282086| 1.08490551| 4.249478İ 0.00048222| 2.33098019) 6.889583978 2.330980194 6.889583978 
x 5.051558727| 38.305E-05 0.44242004| 1.072446786 0.442420041 1.072446786 


RESIDUAL OUTPUT 


Predicted Y | Residuals — 


Observation 
1) 7.867245763 -2.86724576 
2) 8.094475787 3.00552421 
3 6.428122278 -3.22812228 
4) 6.428122278 1.47187772 
5| 24.6065242 0.8934758 
6) 7.791502422 -3.99150242 
7) 8.776165859 2.32383414 
8) 8.170219129 1.72978087 
9) 6.276635595 7.0233644 
10) 7.640015739 -6.14001574 
SE 
12| 10.97272276 -2.07272276 
13 7.10981235 0.99018765 
14 8.170219129 5.32978087 
15 8.548935835 -3.84893584 
16) 7.337042374 0.16295763 
17) 7.337042374 -2.63704237 
18: 7.640015739 0.35998426 
19: 7.564272398 -0.0642724 
20) 6.200892254 2.79910775 
Şekil -3 
_ SUMMARY OUTPUT | 
| 
Regression Statistics | 
Multiple R 0.115410753| 
OR Square 0.013319642 
Adiusted R Square -0.04149593, 
Standard Error 2.451650753 | 
| Observations 20 | 
| 
ANOVA | 
df SS | MS F Significance F | 
Regression 1 1.460514189 1.460514189 0.242990097 0.62801433. 
Residual 18 108.1906455 6.010591417 
Total 19  109.6511597 
| 
Coefficients | Standard Error | t Stat P-value Lower 95% | Upper 95% | Lower 95.0% | Upper 95.0% 
_ Intercept 1.783783544 | 1.583910613 1.126189527 0.274876744 -1.5438892. 5.11145626 -1.543889173 5.11145626 


InX 


-0.50821833. 


1.030993753 -0.49294026 0.628014329 -2.6742558 1.65781917 -2.674255825 1.657819174 
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Park testi eger ekonometrik modelinizde yekeje garaşsyz model bar bolsa 
ulanmak has hem ofayly bolar. Eger - de modelinizde birden köp garassyz 
górkeziji bar bolsa, onda heteroscedasticity anyklamak üçin White testini 
ulanmagyüyzy maslahat beryürinl Yöne bu, “yekeje garaşsyz görkeziji bilen 
White test ulanylmayar” diymegi afüladyan dáldir! Yokardaky regressiyany White 
test ulanmak arkaly heteroscedasticity meselesini anyklalyn. White test üçin 
gerekli zatlar: 


ə Yalüyşlyklar (residuals) 


Yalüyslyklary tapmak üçin bolsa adaty regressiyany etmek yeterlikdir (Şekil - 
2). Yalüyşlyklar tapylandan soü şu regressiyany amala asyrmaly: 


Yokardaky modelin regressiya netijenamasy aşakda (Şekil - 4) berilen. 


Şekil - 4 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.244197937 
R Square 0.059632632 
Adjusted R Square -0.05099882 
Standard Error 13.76538611 
Observations 20 
ANOVA 
df SS MS F Significance F 

Regression 2 204.273555 102.1367775 0.539020592 0.59296516 
Residual 17 3221.259529 189.4858547 
Total 19 3425.533084 

Coefficients Standard Error tStat P-value Lower 9596 | Upper 9576 | Lower 95.026 | Upper 95.0% 
Intercept 19.13240704 11.82976815 1.617310398  0.12421465 -5.8262221 44.0910362 -5.826222092 44.09103617 
X -2.32300606 3.322171069 -0.69924336 0.493856982 -9.3321743 4.68616221 -9.332174337 4.686162211 
Xsqrd 0.061847889 0.113112059 0.546784224 0.591632519 -0.1767977 0.30049347 -0.176797694 0.300493473 


Indiki ádim bolsa, R” bilen “n” köpeltmek hasylyny tapmak, yagny: 
0.059 x 20 — 1.19 


Indiki âdim bolsa xi (chi square) tablisada? 5% âhtimallykda görkezilen 
hasabat netije bilen defüeşdiryüris. Eger bizifü tapan netijámiz (R^«n« y?)bolan 
yagdayynda, modelimizde heteroscedasticity yoklugyny afüladarl Bizin netijâmiz 


” Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 887. Degrees of 
freedom = 2 üçin, 5% x” netijesi 5.99. 


1.19 çykdy, 


chi netijesi bolsa 


(5$) de 5.99, 


heteroscedasticity yoklugyny anladyar! 


bu, 
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bizin modelimizde 


EXERCISE 11.1555: Aşakda (Şekil - 5) 81 ulag barada maglumat berilen: 


Şekil - 5 
TABLE 11.7 Passenger Car Mileage Data 

Observation MPG SP HP VOL VVT Observation MPG SP HP VOL WT 
1 65.4 96 49 89 17.5 42 32.2 106 95 106 30.0 
56.0 97 55 92 200 43 32.2 109 102 92 30.0 
3 55.9 97 55 92 200 44 32.2 106 95 88 30.0 
4 49.0 105 70 92 200 45 31.5 105 93 102 30.0 
5 46.5 96 53 92 200 46 31.5 108 100 99 30.0 
6 46.2 105 70 89 20.0 47 31.4 108 100 111 30.0 
7 45.4 97 55 92 200 48 31.4 107 98 103 30.0 
8 59.2 98 62 50 22.5 49 31.2 120 130 86 30.0 
9 53.3 98 62 50 22.5 50 33.7 109 115 101 35.0 
10 43.4 107 80 94 22.5 51 32.6 109 115 101 35.0 
11 41.1 103 73 89 22.5 52 31.3 109 115 101 35.0 
12 40.9 113 92 50 22.5 53 31.3 109 115 124 35.0 
13 40.9 113 92 99 22.5 54 30.4 133 180 113 35.0 
14 40.4 103 73 89 22.5 55 28.9 125 160 113 35.0 
15 39.6 100 66 89 22.5 56 28.0 115 130 124 35.0 
16 39.3 103 73 89 22.5 57 28.0 102 96 92 350 
17 38.9 106 78 91 22.5 58 28.0 109 115 101 35.0 
18 38.8 113 92 50 22.5 59 28.0 104 100 94 35.0 
19 38.2 106 78 91 22.5 60 28.0 105 100 115 35.0 
20 42.2 109 90 103 25.0 61 27.7 120 145 111 35.0 
21 40.9 110 92 99 25.0 62 25.6 107 120 116 40.0 
22 40.7 101 74 107 25.0 63 25.3 114 140 131 40.0 
23 40.0 111 95 101 25.0 64 23.9 114 140 123 40.0 
24 39.3 105 81 96 250 65 23.6 117 150 121 40.0 
25 38.8 111 95 89 250 66 23.6 122 165 50 40.0 
26 38.4 110 92 50 250 67 23.6 122 165 114 40.0 
27 38.4 110 92 117 25.0 68 23.6 122 165 127 40.0 
28 38.4 110 92 99 25.0 69 23.6 122 165 123 40.0 
29 46.9 90 52 104 27.5 70 23.5 148 245 112 40.0 
30 36.3 112 103 107 27.5 71 23.4 160 280 50 40.0 
31 36.1 103 84 114 27.5 72 234 121 162 135 40.0 
32 36.1 103 84 101 27.5 73 23.1 121 162 132 40.0 
33 354 111 102 97 27.5 74 22.9 110 140 160 45.0 
34 35.3 111 102 113 27.5 75 22.9 110 140 129 45.0 
35 35.1 102 81 101 27.5 76 19.5 121 175 129 45.0 
36 35.1 106 90 98 27.5 77 18.1 165 322 50 45.0 
37 35.0 106 90 88 27.5 78 17.2 140 238 115 45.0 
38 33.2 109 102 86 30.0 79 17.0 147 263 50 45.0 
39 32.9 109 102 86 30.0 80 16.7 157 295 119 45.0 
40 32.3 120 130 92 30.0 81 13.2 130 236 107 55.0 


32.2 


“5 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009 ,page 405,Exercise 11.15 
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MPG - 1 galon benzinde geçip bilyân uzaklyoy, mil - de 
HP - hereketlendirijinin kuwwatlylygy, at güyji 

SP - iñ yokary tizligi, mil/sagatda 

VOL - ulagyü iciniü gövrümi, feet” 

WT - ulagyü agramy, yüz paund - da 


Şu aşakdaky modelin regressiya netijenamasy aşakda (Şekil - 6) görkezilen: 


MPG; — Bı + BSP; + 5:HP, + BAWT; + ui 


Sekil - 


6 


SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.939608645 
R Square 0.882864406 
Adjusted R Square 0.878300681 
Standard Error 3.507873305 
Observations 81 
ANOVA 
df SS MS F Significance F 

Regression 3 7141.404725 2380.468242 193.4526097 9.2806E-36 
Residual 77 947.4984848 12.30517513 
Total 80 8088.90321 

Coefficients Standard Error t Stat P-value Lower 9596 Upper 95% | Lower 95.0% Upper 95.0% 
Intercept 189.9596766  22.52878613  8.431864706 1.49555E-12  145.0991322 234.820221 145.0991322 234.82022 
Sp -1.271697384 0.23311743 -5.45517932 5.72484E-07 -1.735893491 -0.807501276 -1.73589349 -0.8075013 
HP 0.390433353 0.076245802 5.12071931 2.18598E-06 0.238608563 0.542258142 0.238608563 0.5422581 
WI -1.903273184 0.185515812 -10.25935831 4.63825E-16 -2.272682359 -1.533864009 -2.27268236 -1.533864 


Aşakda (Şekil - 7) Park test netijesi görkezilen: górgüüiz yaly, âhli garaşsyz 
górkezijileriá âhmiyetlilik testi (T - test) bularyü TYalüyşlyk üçin 
ahmiyetlidigini görkezyâr, bu, heteroscedasticity meselesinin modelimizde 
bardygyny alamatlandyryar. 

Sekil - 7 


SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.426999707 
R Square 0.18232875 
Adjusted R Square 0.150471428 
Standard Error 2.786420026 
Observations 81 
ANOVA 
df ss MS F Significance F 
Regression 3 133.3092597 44.4364199 5.723291899 0.001370699 
Residual 77 597.8385154 7.764136564 
Total 80 731.1477751 
Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.096 | Upper 95.096 
Intercept -279.4764377 85.30543716 -3.276185517 0.001579102  -449.3412644  -109.611611 -449.3412644 -109.611611 
In SP 76.49155019 22.64531232 3.37780946 0.001148497 31.3989725  121.5841279 31.3989725 121.5841279 
In HP -34.84024752 9.794621185 -3.557079632 0.000645535 -54.34383001 -15.33666503 -54.34383001 -15.33666503 
In WT 24.19528898 7.395629829  3.271565714 0.001601894 ^ 9.468708576  38.92186938  9.468708576 38.92186938 
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Aşakda (Şekil - 8) White testi üçin geçirilmeli regressiyany góryársiniz. Köp 
garaşsyz górkezijileri White heteroscedasticity anyklama testi edilende şeyle 
edilyár, mysal üçin diyeli 3 garaşsyz górkezijili modelin: 


Y= BtyX-ó6HteGctu 
White testi üçin regressiya şeyle geçirilyür: 
u? = a + 0X + OH + uG + nX? + pH? + 1G? + p(X * H * G) 
Yagny yalñyslygyñ kwadraty garaşsyz görkezijileriň özüne, kwadradyna ve 
köpeltmek hasylyna regres etmelil (İhli köp górkezijilerli modeller üçin White 


test regressiya şeyle edilyâr: yalüyşlygyü kwadradyny garaşsyz görkezijilerin 
özüne, kwadradyna ve olaryü köpeltmek hasylyna regress edilyár). 


Şekil - 8 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.644932186 
R Square 0.415937525 
Adjusted R Square 0.359931534 
Standard Error 19.00623693 
Observations 81 
ANOVA 
df SS MS F Significance F 
Regression 7 18779.49615  2682.785164 7.426661305 9.97938E-07 
Residual 73 26370.30409 361.2370423 
Total 80 45149.80024 
Coefficients Standard Error tStat P-value Lower 9596 Upper 95% ^ Lower 95.0% ^ Upper 95.0% | 
Intercept 2189.486618 569.3623896 3.845506233 0.000254945 1054.749012 3324.224224 1054.749012 3324.224224 | 
SP SQRD 0.073109521 0.053260789 1.372670634 0.174057297 -0.033039078 0.179258119 -0.033039078 0.179258119 
HP SQRD -0.002851283 0.012591147 -0.226451404 0.821483245 -0.027945402 0.022242836 -0.027945402 0.022242836 
VVT SQRD 0.192684139 0.128955953 1.494185679 0.139437265 -0.064324706 0.449692983 -0.064324706 0.449692983 
SP*HP*WT -0.000322232 0.000556639 -0.578888099 0.564446637  -0.001431612  0.000787148 -0.001431612 0.000787148 
SP -29.08220016 10.68510828 -2.721750627 0.008114984  -50.37759024 -7.786810069 -50.37759024 -7.786810069 
HP 6.987139508 1.912396169 3.653604635 Oo 0.000483874 3.175739439 10.79853958 3.175739439 10.79853958 
VVT -21.23414146 6.443160154 -3.295609755 0.00151777 -34.07534113 -8.392941788 -34.07534113 -8.392941788 


White testiü soüky üdimi bolsa regressiya netijenamasyndaky R” (0.4159) bilen 
maglumat sanynyü (N-81) kópeltmek hasylyny tapmak (0.4159:81-33.69) we muny 
chi square tablisasyndaky 5% ühtimallyk hasabaty bilen deüemek? (14.0671), 
eger - de alan netijámiz chi square - den kiçi bolsa - heteroscedasticity yokl 
Eger alan netijámiz chi square - den uly bolsa - heteroscedasticity bar! 


” Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 887. Degrees of 
freedom - 7 üçin, 5$ x” netijesi 14.0671 
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Netijámiz (33.69), chi square - den (14.0671) uly, diymek - heteroscedasticity 
bar!“ 


Heteroscedasticity meselesinin düzedilisi! 


Heteroscedasticity - górkezijilerimiziü yalüyşlyklarynyü (standard error of 
independent variable) ulalmagyna ya - da kiçelmegine getirip, görkezijinil 
hakykatdanda âhmiyetliligine şübhe döremegine getirer! (Yadyüyza düşürifi, T - 
test amala aşyrmak üçin görkeziiiniü kafisentini onun standard erroryna 
bölmelil). Heteroscedasticity sebápli - âhmiyetli górkeziji âhmiyetsiz, Ya - 
da ahmiyetsiz górkeziji âhmiyetli bolup görünmegi áhtimallygy gaty uly! Sonun 
üçinem, heteroscedasticity meselesiniü düzedilişi gereklidir! Köp górkezijili 
modellerde (EXERCISE 11.15), esasan hem: White' s heteroscedasticity - 
corrected standard errors - Yagny, robust standard errors - ulanylyar. 
Gynansakda, bu çylşyrymly matematiki proses bolany üçin, dine yörite 
ekonometriki seljeris programmalarynda bolyar. EXCEL - de, robust standard 
errors - düzeltmesini geçirip bolanok! 


Yekeje garaşsyz  górkezijili we  heteroscedasticity meselesi bar bolan 
modellerde, muny düzeltmek üçin GLS (Generalized Least Squares) ulanylsyny 
görkezmek üçin EXERCISE 11.22 - berilen maglumatlary ulanalyü (Şekil - 
1,2,3,4). Diyeli White ve Park testleri netijesinde heteroscedasticity 
meselesi bar bolup çykan bolsun (yokardak yok cykdy!). Mysal üçin diyeli White 
test netijesinde, yagny yalüyşlyklaryü kvadrady  górkezijiniü özüne ve 
kvadradyna regress edilipdi, sonda diyeli górkeziji (kvadrady dàl) áhmiyetli 
bolup çykan bolsun! Yagny, yalüyşlyklaryü kvadradyna górkeziji tüsir edyân 
bolsun, diymek heteroscedasticity meselesinin düyp sebâbi garaşsyz górkeziji 
(onuü kvadrady dal). Onda, ekonometriki modelimizi garaşsyz górkezijiniü 
köküne bölmeli, ondan sofüra bolsa regress etmelidir, yagny: 


25” 
Ondan soüra bolsa —¿ - 1, Ba we — regress edyársiüiz, regress edeniüizde no 


Ji Sms 
intercept bellemegi unutmaü, (Şekil - 9), çykan netijenama aşakda berilen 
(Şekil - 10): 


€ Ye do not reject the null hypothesis that heteroscedasticity exists! 


Şekil - 9 


Country 


Australia 


1 

2. Austria 

3. Belgium 
4. Canada 
5. 
6. 
7. 
8 
9. 


Chile 


. Denmark 
. Finland 
. France 
. Germany 


10. India 

11. Ireland 

12. Israel 

13. Italy 

14. Japan 

15. Mexico 

16. Netherlands 
17. Nevv Zealand 
18. Svveden 

19. United Kingdom 


20. United States 


Stock Prices, 


Consumer Prices, 
Y x 


4.3 
4.6 
2.4 
2.4 
26.4 
4.2 
5.5 
4.7 
2.2 


RootX 
2.073644135 
2.144761059 
1.549193338 
1.549193338 
5.138093031 
2.049390153 
2.34520788 
2.167948339 
1.483239697 
2 

2 
2.898275349 
1.816590212 
2.167948339 
2.28035085 
1.897366596 
1.897366596 
2 
1.974841766 
1.449137675 


1/rootX 
0.482242822 
0.466252404 
0.645497224 
0.645497224 
0.194624736 
0.487950036 
0.426401433 
0.461265604 
0.674199862 
0.5 

0.5 
0.34503278 
0.550481883 
0.461265604 
0.43852901 
0.527046277 
0.527046277 
0.5 
0.506369684 
0.690065559 


X/root X 
2.073644135 
2.144761059 
1.549193338 
1.549193338 
5.138093031 
2.049390153 
2.34520788 
2.167948339 
1.483239697 
2 

2 
2.898275349 
1.816590212 
2.167948339 
2.28035085 
1.897366596 
1.897366596 
2 
1.974841766 
1.449137675 


Y/root X 
2.411214111 
5.175401686 
2.065591118 
5.099428073 
4.962930769 
1.854210139 
4.733055903 
4.56652948 
8.966858171 
0.75 
3.2 
3.070791739 
4.458903249 
6.227085654 
2.061086345 
3.952847075 
2.4771175 
4 
3.797772627 
6.210590034 


B c Hwa E F 6 H 
Stock Prices, (Consumer Prices, 
1/rootX X/rootX Y/root X 
Regression ca 135 0.482242822 2.073644135 2.411214111 
= == 059 0.466252404 2.144761059 5.175401686 
mt Y Ranger $H$2-$F422 Es | ok İ 5338 0.645497224 1.549193338 2.065591118 
Cancel 338 0.645497224 1.549193338 5.099428073 
Tnput X Range: $F$2:5G$22 031 0.194624736 5.138093031 4.962930769 
EI Labels mə Help 153 0.487950036 2.049390153 1.854210139 
Geboter 5 e 788 0.426401433 2.34520788 4.733055903 
339 0.461265604 2.167948339 4.56652948 
Output options 697 0.674199862 1.483239697 8.966858171 
(Ə) Output Range: $D$28| 2 0.5 2 0.75 
(C) New Worksheet Piy: 2 0.5 2 3.2 
© New Workbook 349 0.34503278 2.898275349 3.070791739 
Residuals 212 0.550481883 1.816590212 4.458903249 
İLİ Residuals [ ] Residual Plots 339 0.461265604 2.167948339 6.227085654 
İLİ standardized Residuals İL Line Fit Plots 085 0.43852901 2.28035085 2.061086345 
Normal Probability 596 0.527046277 1.897366596 3.952847075 
[ ] Normal Probability Plots 596 0.527046277 1.897366596 2.4771175 
2 0.5 2 4 
766 0.506369684 1.974841766 3.797772627 
20. United States 9 2.1 1.449137675 0.690065559 1.449137675 6.210590034 


Aşakda 


(Şekil - 
heteroscedasticity meselesi düzeldildi). Yöne, regressiya netijenamasyndan hem 
görünişi yaly indi garassyz górkezijimiz ühmiyetli dal, sebábi bu modelde ölem 
heteroscedasticity meselesi yokdy, bizin transformasiyamyza gerek hem yokdy! 
Bu, suña mehzeyâr, bagyr keseli bolan sirroz keseli yok adamy agyr sanjymlar 


10) 
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tapylan standard errorlar indi homoscedastic (yagny 
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bilen bejergi geçirmek yaly. Sagdyn adama urulan bu sanjymlar, onuñ başga 
organlaryna uly zyyan yetirmek arkaly ony sag yagdaydan hassa yagdayyna 
övürer. Meselesi yok bolan ekonometriki modelleri eger düzedişleri girizeniiz 
yagdayda, modelinizin dogrulyoyna uly şübhe dóredersiüiz! 


Şekil - 10 


SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.919144978 
R Square 0.84482749 
Adjusted R Square 0.78065124 
Standard Error 1.830047368 
Observations 20 
ANOVA 
df ss MS F Significance F 

Regression 2 328.2089503 164.1044752 48.99996421 8.76772E-08 
Residual 18 60.28332063 3.349073368 
Total 20 388.492271 

Coefficients Standard Error t Stat P-value Lower 95% Upper 9596 Lower 95.0% Upper 95.096 
Intercept 0 #N/A #N/A #N/A #N/A #N/A #N/A #N/A 
1/rootX 5.776088126 1.541746622 3.746457455 0.001477559 2.536998667 9.015178 2.536998667 9.015177584 


X/root X 0.532156884 0.348016876 1.529112293 0.14362005 -0.198999442 1.263313 -0.198999442 1.26331321 
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8 - NJI BÖLÜM. AUTOCORRELATION 


OLS usulyny ulanma şertlerinden biri“: Yalüyşlyklaryü bir - birlerine 
hiç hili bagly dáldigini, yagny, yalüyşlyklaryü arasynda bag yoklugy sertidir! 
Yagny (mysal üçin bir maşgalanyü haraiatlarynyü artmagy beyleki masgalanyü 
harajatlaryna tásir edenok: bir universitet - de professorlaryü aylygynyn 
yokarlanmagy, beyleki universitetlere tsir edenok: şu yyl güyzüün howwasy 
indiki yylky güyze tásir edenok: şu Yylky yokary depginli ykdysady ösüş indiki 
yyl hem şeyle boljagyny aülatmayar): 


cov(u,, uj) — 0 


Bu şerti bozulmagy (yagny bir dövüriü yalüyşlygy indiki dövüre hem tásir 
edyân bolsa) ekonometriki modelimizde - autocorrelation meselesinin barlygyny 
afiladar! Mysal üçin kárhanalaryü paynamalary bazarynda, paynamalaryn ykdysady 
tásir netijesinde düşmegi ençeme günláp dowam edip bilyâr, yagny, bir 
dówürdáki düşen bahalar indiki dövüre - de tsir edyár: Goyulan söwda 
sünksiyalarynyü (gadaganlyklarynyü) tâsirinii uzak wagtlap dowam etmegi. 
Autocorrelation meselesini bolmagy, biziü OLS usuly tapan kafisentlerimizin 
indi “in dogry” kafisent dáldigine getirer (estimators are inefficient). 
Sonuñ üçinem, hökmany suratda her bir ekonometriki modelin regressiyasyny 
autocorrelation meselesine test etmek gerekli, ve eger - de autocorrelation 
meselesi bar bolan yagdayynda muny düzeltmeli. Autocorrelation meselesinin 
bolmagy şulara getiryür: 


e Aslynda öhmiyetli bolan górkezijiniñ ühmiyetsiz görünmegine (T - test) 
e R” bolmalysyndan uly görünmegine 


Autocorrelation meselesini anyklama testler az dâldir (Heteroscedasticity 
anyklayyş testleri yaly) yöne bularyü arasynda iñ bilinyüni we iñ köp 
ulanylyany Durbin - Watson “d” testdir! Bu yerde bir zady bellemek gerek, 
(edil Heteroscedasticity anyklayyş testleri yaly), autocorrelation testlerini 
arasynda - da bir - birinden üstünligi yokdurl Yagny hiç bir autocorrelation 
testi - iñ takyk jogaby beryâr diyilen zat yok. Her bir testin öz kemçiligem, 
artyk tarapam bar. Autocorrelation meselesinin barlygyny anyklanandan sofra, 
muny düzeltmek üçin şu kitapda GLS (Generalized Least Squares) usulyny 
ulanmakçy. Yene - de, autocorrelation meselesini düzeltmek usullary az düldir, 
biz bu yerde iñ EXCEL - de amala aşyrmak mümkin bolanyny ulanmakçy 


6l cu kitabyü 2 - nji bölümi. 
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EXERCISE 12.269: Aşakda (Şekil - 1) 1951 - 1980 yyllar arasynda ABŞ - da 
copper metalynyn yerli bazar bahasy ve degişli statistiki maglumatlar 
görkezilen 


Şekil - 1 

TABLE 12.7 

Determinants of U.S. VE S G i 4 yi A) 

Domestic Price of 1951 21.89 330.2 45.1 220.4 1,491.0 19.00 

Copper, 1951-1980 52 22.29 347.2 50.9 259.5 1,504.0 19.41 
53 19.63 366.1 53.3 256.3 1,438.0 20.93 
54 22.85 366.3 53.6 249.3 1,551.0 21.78 
55 33.77 399.3 54.6 352.3 1,646.0 23.68 
56 39.18 420.7 61.1 329.1 1,349.0 26.01 
57 30.58 442.0 61.9 219.6 1,224.0 27.52 
58 26.30 447.0 57.9 234.8 1,382.0 26.89 
59 30.70 483.0 64.8 237.4 1,553.7 26.85 
60 32.10 506.0 66.2 245.8 1,296.1 27.23 
61 30.00 523.3 66.7 229.2 1,365.0 25.46 
62 30.80 563.8 72.2 233.9 1,492.5 23.88 
63 30.80 594.7 76.5 234.2 1,634.9 22.62 
64 32.60 635.7 81.7 347.0 1,561.0 23.72 
65 35.40 688.1 89.8 468.1 1,509.7 24.50 
66 36.60 753.0 97.8 555.0 1,195.8 24.50 
67 38.60 796.3 100.0 418.0 1,321.9 24.98 
68 42.20 868.5 106.3 525.2 1,545.4 25.58 
69 47.90 935.5 111.1 620.7 1,499.5 27.18 
70 58.20 982.4 107.8 588.6 1,469.0 28.72 
71 52.00 1,063.4 109.6 444.4 2,084.5 29.00 
72 51.20 1,171.1 119.7 427.8 2,378.5 26.67 
73 59.50 1,306.6 129.8 727.1 2,057.5 25.33 
74 77.30 1,412.9 129.3 877.6 1,352.5 34.06 
75 64.20 1,528.8 117.8 556.6 1,171.4 39.79 
76 69.60 1,700.1 129.8 780.6 1,547.6 44.49 
77 66.80 1,887.2 137.1 750.7 1,989.8 51.23 
78 66.50 2,127.6 145.2 709.8 2,023.3 54.42 
79 98.30 2,628.8 152.5 935.7 1,749.2 61.01 


C - ABS - yñ yerli bazarynda copper metalynyñ 12 ayyñ ortaça bahasy, 
sent/pound 
G - jemi içerki önüm, milyard USD 
I - 12 ayyñ ortaça Senagat pudagynyü indeksi 
L - Angliyanyn yerli bazarynda copper metalynyü 12 ayyü ortaça bahasy, 
sterling/pound 
H - her yylda başlanyan jay gurluşygy, müfüde 
A - ABS - yü yerli bazarynda alyuminiyum metalynyü 12 ayyñ ortaça bahasy, 
sent/pound 


Şu aşakdaky ekonometriki modeliü regressiya netijenamasy aşakda (Şekil - 2) 
berilen: 
In(C), = B4, + B>;Im(D, + Bsin(L), + B4lIn(H), + Bsim(A), + u, 


€ Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 460,Exercise 12.26 
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Şekil - 2 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.967517221 
R Square 0.936089573 
Adjusted R Square 0.925863905 
Standard Error 0.12174938 
Observations 30 
ANOVA 
df SS MS F Significance F 

Regression 4 5.427742255 1.356935564  91.54311907 1.49104E-14 
Residual 25 0.370572791 0.014822912 
Total 29 5.798315045 

Coefficients Standard Error t Stat P-value Lower 9576 | Upper 9576 Lower 95.0% Upper 95.0% 
Intercept -1.50044085 1.003020035 -1.49592311 0.147192001  -3.56619929 0.56531758 -3.5661993 0.565317578 
Ini 0.467508534 0.165986741 2.81654144  0.00933975 0.125652442 0.80936463 0.12565244 0.809364626 
İnL 0.279442529 0.114725706 2.435744691 0.022327594 0.043160515 0.51572454 0.04316051 0.515724542 
İnH -0.00515155 0.142946976 -0.0360382 0.971538121 -0.29955636 0.28925326 -0.2995564 0.289253256 
İnA 0.441448939 0.106508324 4.144736518 0.000341367 0.22209094 0.66080694 0.22209094 0.660806938 | 


Regressiyamyzda autocorrelation meselesini anyklamak üçin Durbin - Watson 
testi şeyle geçirilyâr: şu dövrüü yalüyşlygy bilen geçen dówrüün yalnyslygynyn 
tapavudynyü kwadradynyn jemini, her dövrüü yalüyşlygyü kvadradynyü jemine 


bölmek arkaly (RSS), yagny: 


Aşakda (Şekil - 3) Durbin - Watson test üçin hasaplamalaryü EXCEL - de edilişi 
görkezilen: test netijesine layyklykda d = 0.9549 çykdy! (Üns beriñ! Drobyü 
yokarsynda 29 sanyñ jemi, aşagynda bolsa 30 sanyü jemi bar! Drobun 
yokarsyndaky san hemişe aşakydan 1 azdyr!). Indiki ddim bolsa, her bir 
ekonometriki kitapda Durbin - Watson test hasaplama tablisasy bolyar bu 
tablisa göz atmakdyr“. Biziü modelimizi üçin Dr = 1.124 we Dy = 1.743 ! Eger - 
de Durbin - Watson test netijámiz D, < d € Dy arasynda bolsa, 
(autocorrelation meselesi 
yok diymegi añladanok!). Eger - de Durbin - Watson test netijámiz d € D; ya - 
da d > Dy bolan yagdayynda bolsa, 
Görşüliz yaly, bizin modelimizin Durbin - Watson testi d = 0.9549 


63 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009, page 888, 4 - sany 
garassyz górkeziji bolan we 29 maglumaty berilen (1 - ini testde yitirdik!) ekonometriki modeli Durbin 
- Watson Dız1.124 we Dy-1.743 
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çykdy, bu bolsa D, = 1.124 - den kiçidir, diymek, bizin modelimizde 
autocorrelation meselesi barl 


Şekil -3 
— Residuals — ResidulsT ` ResidualsT-1  ResT-ResT-l ResT-ResT-1SQRD Residual SQRD 
0.035893238 -0.057574474 0.035893238 -0.093467712 0.008736213 0.001288325 
-0.057574474 -0.236240262 -0.057574474 -0.178665788 0.031921464 0.00331482 
-0.236240262 -0.096417691  -0.236240262 0.139822571 0.019550351 0.055809461 
-0.096417691 0.152307737 -0.096417691 0.248725429 0.061864339 0.009296371 
0.152307737 0.224897742 0.152307737 0.072590005 0.005269309 0.023197647 
0.224897742 0.058632859 0.224897742 -0.166264883 0.027644011 0.050578994 
0.058632859 -0.06876685 0.058632859 -0.12739971 0.016230686 0.003437812 
-0.06876685 0.031474028 -0.06876685 0.100240879 0.010048234 0.00472888 
0.031474028 0.049220012 0.031474028 0.017745984 0.00031492 0.000990614 
0.049220012 0.027520041 0.049220012 -0.021699971 0.000470889 0.00242261 
0.027520041 0.039864417 0.027520041 0.012344377 0.000152384 0.000757353 
0.039864417 0.036859539 0.039864417 -0.003004878 9.02929E-06 0.001589172 
0.036859539 -0.068150483 0.036859539 -0.105010022 0.011027105 0.001358626 
-0.068150483 -0.128053134 -0.068150483 -0.059902651 0.003588328 0.004644488 
-0.128053134 -0.183399706 -0.128053134 -0.055346572 0.003063243 0.016397605 
-0.183399706 -0.069426143  -0.183399706 0.113973563 0.012989973 0.033635452 
-0.069426143 -0.082289949 -0.069426143 -0.012863807 0.000165478 0.004819989 
-0.082289949 -0.049866784  -0.082289949 0.032423166 0.001051262 0.006771636 
-0.049866784 0.149403412  -0.049866784 0.199270196 0.039708611 0.002486696 
0.149403412 0.105069199 0.149403412 -0.044334213 0.001965522 0.02232138 
0.105069199 0.096645642 0.105069199 -0.008423557 7.09563E-05 0.011039537 
0.096645642 0.082802495 0.096645642 -0.013843147 0.000191633 0.00934038 
0.082802495 0.160864443 0.082802495 0.078061948 0.006093668 0.006856253 
0.160864443 0.0765809 0.160864443 -0.084283543 0.007103716 0.025877369 
0.0765809 -0.030373578 0.0765809 -0.106954478 0.01143926 0.005864634 
-0.030373578 -0.147077474  -0.030373578 -0.116703896 0.013619799 0.000922554 
-0.147077474 -0.189339482 -0.147077474 -0.042262009 0.001786077 0.021631783 
-0.189339482 0.050126702 -0.189339482 0.239466184 0.057344054 0.035849439 
0.050126702 0.028813601 0.050126702 -0.021313101 0.000454248 0.002512686 
0.028813601 0.000830224 


Autocorrelation meselesini çözmek üçin GLS usuly ulanalaryn, yagny modelimizi 
GLS transformasiyasyny gecirlerin. 


e Ilki bilen GLS transformasiyasy üçin Rho (o) tapmaly! 


Rho tapmak üçin su döwrüü yalüyşlykaryny geçen dövrüü yalüyşlygyna regres 
etmeli, yagny: 


Aşakda (Şekil - 2) regressiyanyü yalüyşlyklary görkezilen, regressiya 
edeninizde Constant is Zero bellemegi unutmaü (Şekil - 4). Ünuü asagyndaky 
(Şekil - 5) regressiya netijenamasynda görünişi Yaly tapylan Rho (p = 0.52) 


Şekil - 4 


0.035893238 
-0.057574474 
-0.236240262 
-0.096417691 

0.152307737 

0.224897742 

0.058632859 

-0.06876685 

0.031474028 

0.049220012 

0.027520041 

0.039864417 

0.036859539 
-0.068150483 
-0.128053134 
-0.183399706 
-0.069426143 
-0.082289949 
-0.049866784 

0.149403412 

0.105069199 

0.096645642 

0.082802495 

0.160864443 


0.0765809 - 


-0.030373578 
-0.147077474 
-0.189339482 

0.050126702 


0.028813601 


-0.057574474 
-0.236240262 
-0.096417691 
0.152307737 
0.224897742 
0.058632859 

-0.06876685 
0.031474028 
0.049220012 
0.027520041 
0.039864417 
0.036859539 
-0.068150483 
-0.128053134 
-0.183399706 
-0.069426143 
-0.082289949 
-0.049866784 
0.149403412 
0.105069199 
0.096645642 
0.082802495 
0.160864443 
© 0.0765809 
-0.030373578 
-0.147077474 
-0.189339482 
0.050126702 


0.028813601 


0.035893238 
-0.057574474 
-0.236240262 
-0.096417691 

0.152307737 

0.224897742 

0.058632859 

-0.06876685 

0.031474028 

0.049220012 

0.027520041 

0.039864417 

0.036859539 
-0.068150483 
-0.128053134 
-0.183399706 
-0.069426143 
-0.082289949 
-0.049866784 

0.149403412 

0.105069199 

0.096645642 

0.082802495 

0.160864443 

0.0765809 ` 
-0.030373578 
-0.147077474 
-0.189339482 

0.050126702 


-0.093467712 
-0.178665788 
0.139822571 


Regression 


Input 
Input Y Range: 


Input X Range: 


[v | Labels 
| | Confidence Level: 


Output options 
(@) Output Range: 
© New Worksheet Ply: 
© New Workbook 


Residuals 


0.008736213 
0.031921464 
0.019550351 


<J 


95 96 


$P$31:$P$60 
$Q$31:$Q$60 


0.001288325 
0.00331482 
0.055809461 


Constant is Zero 


TT Residual Plots 


E] Standardized Residuals | | Line Fit Plots 


Normal Probability 


İE Normal Probability Plots 


-0.116703896 
-0.042262009 

0.239466184 
-0.021313101 


0.013619799 
0.001786077 
0.057344054 


0.000454248 


0.000922554 
0.021631783 
0.035849439 
0.002512686 
0.000830224 


Şekil - 5 
SUMMARY OUTPUT | 
| | 
Regression Statistics | | 
Multiple R 0.5211614 | | 
R Square 0.2716092 | | 
Adjusted R Square 0.2358949 | | 
Standard Error 0.098013 | | 
Observations 29 | | 
| | 
ANOVA | | 
df ss MS F Significance F 
Regression 1 0.100301051 0.100301051 10.4409019 0.00323572 
Residual 28 0.268983415 0.009606551 
Total 29 0.369284466 | 
| 
Coefficients Standard Error tStat P-value Lower 9596 | Upper 9596 | Lower 95.096 | Upper 95.096 
Intercept 0 HN/A HN/A HN/A #N/A |. 8N/A HN/A | HN/A 


e Ikinji ádimde, ekonometriki modeli su sekilde transformasiyasyny 


Residuals T- 1 


0.5208384  0.161188484 


gecirmeli, 


Yagny: 


3.231238443  0.00314592 0.19065878 0.8510181 0.190658784 0.851018066 
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Y* = (Y, — pY,-1) 
By =(1-p) 
X* = (X, — pXı-a) 
Z = (Z, — pZ,-1) 


y* = Pi + (EW + paz + "€t 
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Aşakda (Şekil - 6) yokardaky regressiyanyü (Şekil - 2) gerekli hasaplamalary 


EXCEL - de görkezilen: 
Şekil - 6 


u 


v w | 


latum T T Tr Tr Ti L Mİ N | o P | 
A Inc Int Int InH InA inc (T) LnC (T - 1)*rho ni (T)  Lnl(T- 1)*rho 
19 3.08603 3.808882 5.395444 7.307202 2.944439| 3.104138147 1.607322958 3.92986292 1.983812229 
19.41 3.104138 3.929863 5.558757 7.315884 2.965788| 2.977059008 1.616754423 3.97593633 2.046823614 
20.93 2.977059 3.975936 5.546349 7.271009 3.041184 3.128951117 1.550566724 3.98154907 2.070820415 
21.78 3.128951 3.981549 5.518657 7.346655 3.080992 3.519572834 1.629677971 4.00003388 2.073743744 
23.68 3.519573 4.000034 5.864483 7.406103 3.164631 3.668166413 1.83312877 4.11251187 2.083371346 
26.01 3.668166 4.112512 5.796362 7.207119 3.258481 3.420346201 1.910522016 4.12552018 2.141954202 
27.52 3.420346 4.12552 5.391808 7.109879 3.314913 3.269568939 1.781447727 4.05871738 2.148729431 
26.89 3.269569 4.058717 5.458734 7.231287 3.291754 3.424262655 1.702917136 4.1713056 2.113935969 
26.85 3.424263 4.171306 5.469746 7.348394 3.290266 3.46885603 1.783487567 4.19268046 2.172576239 
27.23 3.468856 4.19268 5.504518 7.167115 3.304319 3.401197382 1.80671351 4.20020495 2.183709087 
25.46 3.401197 4.200205 5.434595 7.21891 3.237109 3.42751469 1.771474286 4.27944005 2.187628131 
23.88 3.427515 4.27944 5.454894 7.308208 3.173041 3.42751469 1.785181352 4.33729074 2.228896812 
22.62 3.427515 4.337291 5.456175 7.399337 3.118834 3.484312288 1.785181352 4.403054 2.259027677 
23.72 3.484312 4.403054 5.849325 7.353082 3.166319 3.56671182 1.814763723 4.49758498 2.29327971 
24.5 3.566712 4.497585 6.148682 7.319666 3.198673 3.60004824 1.857680566 4.58292458 2.342515073 
24.5 3.600048 4.582925 6.318968 7.086571 3.198673 3.653252276 1.875043454 4.60517019 2.386963217 
24.98 3.653252 4.60517 6.035481 7.186825 3.218076 3.742420221 1.902754161 4.66626529 2.398549585 
25.58 3.74242 4.666265 6.263779 7.343038 3.241811 3.869115504 1.949196252 4.7104307 2.43037026 
27.18 3.869116 4.710431 6.430848 7.312887 3.302481 4.063885355 2.015184024 4.68027766 2.453373303 
28.72 4.063885 4.680278 6.377747 7.292337 3.357594 3.951243719 2.116627646 4.69683737 2.437668443 
29 3.951244 4.696837 6.096725 7.642284 3.367296 3.935739532 2.057959554 4.78498861 2.446293379 
26.67 3.93574 4.784989 6.058656 7.774225 3.283539 4.085976313 2.049884378 4.8659948 2.492205931 
25.33 4.085976 4.865995 6.589064 7.629247 3.231989 4.347693956 2.128133466 4.86213529 2.534397068 
34.06 4.347694 4.862135 6.777191 7.20971 3.528124 4.162003211 2.264446071 4.76898827 2.532386883 
39.79 4.162003 4.768988 6.321847 7.065955 3.683616 4.242764567 2.167731196 4.8659948 2.483872338 
44.49 4.242765 4.865995 6.660063 7.344461 3.795264 4.201703081 2.209794813 4.92071059 2.534397068 
51.23 4.201703 4.920711 6.621006 7.595789 3.936325 4.197201948 2.188408413 4.9781121 2.56289515 
54.42 4.197202 4.978112 6.564983 7.612485 3.996732 4.588024027 2.18606405 5.0271646 2.592792065 
61.01 4.588024 5.027165 6.841295 7.466914 4.111038 4.619073091 2.389619207 4.99111263 2.618340489 
70.87 4.619073 4.991113 6.846837 7.168965 4.260847 


Şekil - 7 


Unt(T) 
5.558756703 
5.546348633 
5.518656991 
5.864483085 
5.796361656 

5.39180771 
5.458734088 
5.469746482 
5.504518197 
5.434594985 
5.454893674 
5.456175451 

5.84932478 
6.148681948 
6.318968114 
6.035481433 
6.263779142 
6.430847873 
6.377746836 
6.096725058 
6.058655797 

6.58906402 
6.777190909 
6.321846849 
6.660062855 
6.621006105 

6.56498324 
6.841294912 
6.846836864 


Anl (T-1)*rho .nL(T) - rho*LnL(T-1; 
2.810154593 
2.895214084 
2.883751485 
2.874328613 
3.054448132 
3.018967874 
2.808260633 
2.843118463 
2.848854141 
2.866964586 
2.830545891 
2.841118228 
2.841785827 
3.046553104 
3.20246982 
3.291161398 
3.143510641 
3.262416861 
3.349432676 
3.321775615 
3.175408675 
3.155580741 
3.431837724 
3.529821437 
3.292660754 
3.468316645 
3.448474389 
3.419295529 
3.563209265 


SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.91757612 
R Sguare 0.84194594 
Adiusted R Square 0.8156036 
Standard Error 0.10471106 
Observations 29 
ANOVA 
df SS MS F Significance F 

Regression 4 1.401763869 0.350440967 31.9616947 2.6985E-09 
Residual 24 0.263145722 0.010964405 
Total 28 1.66490959 

Coefficients | Standard Error tStat P-value | Lower 9596 | Upper 9576 Lower 95.0% | Upper 95.0% 
Intercept -0.60367707 0.517226073 -1.167143548 0.25461829 -1.6711792 0.46382507 -1.6711792 0.463825074 
Lni* 0.39903629 0.227027657 1.757654975 0.09155629 -0.0695258 0.86759835  -0.0695258  0.867598346 
Lntz 0.33851063 0.113899872 2.972001796 0.00663196 0.10343284 0.57358841 0.10343284  0.573588408 
LnH” -0.05063538 0.142876292 -0.354400162 0.72613401 -0.3455176 0.24424679 -0.3455176 0.244246793 
LnA* 0.45361845 0.151184202 3.000435491 0.00619932 0.14158959 0.7656473 0.14158959 0.765647303 
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Yokarda (Şekil - 7)  autocorrelation meselesi düzedilen regressiya 
netijenamasynay göryârsiliz. Ilkinji regressiya netijenamasy (Şekil - 2) bilen 
deüeşdirenilizde (LnI”) indi âhmiyetli dâldigini (95% ahtimallyk bilen) 
górersiüiz ve (LnH') kafisenti calaja yokarlanypüyr.R” indi öfküsi yaly gaty 
yokarda dál ve F - test hem eslije azaldy! Autocorrelation meselesi düzedilen 
kâfisentler “iñ dogry  kafisentlerdir! Regressiyan netijenama layyklykda 
ekil - 7), alyuminium metalynyü bahasynyü 1% yokarlanmagy copper metalynyn 
bahasynyü takmynan 0.45% artmagyna: Angliyadaky (Yewropa bazarlarynda) copper 
metalynyá bahasynyü 1% artmagy bolsa ABŞ - daky copper metalynyü bahasynyn 
0.33% artmagyna getirer! 


EXERCISE 12.27%: Aşakdaky (Şekil - 8) maglumatlar berilen: 


Sekil - 8 
Y, Personal Consumption 
Expenditure, Billions 

of 1958 Dollars X, Time Y, Estimated Y ü, Residuals 
281.4 1 (= 1956) 261.4208 19.9791 
288.1 2 276.6026 11.4973 
290.0 3 291.7844 —1.7844 
307.3 4 306.9661 0.3338 
316.1 5 322.1479 —6.0479 
322.5 6 337.3297 —14.8297 
338.4 7 352.5115 —14.1115 
353.3 8 367.6933 —14.3933 
373.7 9 382.8751 —9.1751 
397.7 10 398.0569 —0.3569 
418.1 11 413.2386 4.8613 
430.1 12 428.4206 1.6795 
452.7 13 443.6022 9.0977 
469.1 14 458.7840 10.3159 
476.9 15 ( — 1970) 473.9658 2.9341 

Note: Data for Y obtained from the regression Y, = f + BX, + ty. 


a) Autocorrelation anyklamak üçin Durbin - Watson test netijesi (Şekil - 9) 
görkezilen, yagny d= 0.4148 


b) Modelimizde autocorrelation meselesi bar, sebábi Durbin - Watson tablisa 
layyklykda yekeje garaşsyz górkezijili ve statistika maglumaty 14 (birini 
regressiyada Yitirdik) bolan model üçin D, = 1.045 we Dy = 1.3509. Biziñ 


53 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 462,Exercise 12.27 
°° Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 888 
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test netijämiz (d = 0.4148) bularyü aralygynda  bolmanlygy üçin, 
autocorrelation meselesi barl 
Şekil - 9 


Regression Statistics 


Multiple R 0.988532333 
R Square 0.977196174 
Adiusted R Square 0.975442033 
Standard Error 10.76324387 | | 
Observations 15 | 
ANOVA | 
df SS | MS F Significance F 

Regression 1 64536.25289| 64536.25289) 557.0797669 4.65598E-12 
Residual 13 1506.01644| 115.8474185 
Total 14 66042.26933 

Coefficients Standard Error | t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 
Intercept 246.2390476 5.848296434: 42.10440603| 2.76533E-15 233.6045713 258.8735239| 233.6045713 258.8735239 
X 15.18178571 0.64322685 | 23.6025373| 4.65598E-12 13.79217859 16.57139284 13.79217859 16.57139284 


RESIDUAL OUTPUT 


Observation Predicted Y Residuals | Residuals (T) Residuals (T-1) Res (T) - Res (T-1) SQRD Residual SQRD 
T 261.4208333| 19.97916667  11.49738095| 19.97916667 -8.481785714 71.9406889: 399.1671007 
2 276.602619 11.49738095| -1.784404762| 11.49738095 -13.28178571 176.4058318| 132.1897688 
3| 291.7844048| -1.784404762 | 0.333809524| -1.78440476 2.118214286 4.48683176| 3.184100354 
4| 306.9661905 0.333809524 | -6.04797619| 0.333809524 -6.381785714 40.7271889) 0.111428798 
5| 322.1479762 -6.04797619:  -14.8297619| -6.04797619 -8.781785714 77.11976033 36.578016 
6| 337.3297619| -14.8297619| -14.11154762| -14.8297619 0.718214286 0.51583176| 219.9218382 
7| 352.5115476 -14.11154762| -14.39333333| -14.1115476 -0.281785714 0.079403189| 199.1357762 
8| 367.6933333 -14.39333333| -9.175119048| -14.3933333 5.218214286 27.22976033, 207.1680444 
9 382.875119| -9.175119048: -0.356904762| -9.17511905 8.818214286 77.76090319| 84.18280954 

10) 398.0569048| -0.356904762 | 4.861309524| -0.35690476 5.218214286 27.22976033| 0.127381009 
11| 413.2386905 4.861309524| 1.67952381| 4.861309524 -3.181785714 10.12376033| 23.63233029 
12| 428.4204762 1.67952381 9.097738095| 1.67952381 7.418214286 55.02990319: 2.820800227 
13 443.6022619| 9.097738095  10.31595238| 9.097738095 1.218214286 1.484046046| 82.76883845 
14| 458.7840476| 10.31595238| 2.934166667| 10.31595238 -7.381785714 54.49076033| 106.4188735 
15| 473.9658333 2.934166667 | 8.609334028 


C) Autocorrelation meselesini düzeltmek üçin GLS (rho) ulanalyü, yagny ilki 
bilen (rho) tapalyiü: 
u,-—pu,4-€&, (Şekil - 10) 


Ondan son bolsa modelimizi transformasiya edelin, yagny: 


(Y, — 9Yt-ı) = Butt — p) + B2(X, — pXt-ı) + & (Şekil - 11) 


Transformasiya edilen modelin regressiyasyny edelin, yagny: 


Y* = Bi + B2X* te, (Şekil - 12) 


Input Y Range: 


Input X Range: 


$H$27:$H$41 
$1$27:$1$41 


[v | Labels 


|| Confidence Level: 


Predicted Y Residuals Residuals (T) Residuals (T-1) 
1 261.4208333 19.97916667  11.49738095 19.97916667 
2 276.602619 11.49738095 -1.784404762 11.49738095 
3 291.7844048 -1.784404762. 0.333809524 -1.78440476 
A 306.9661905  0.333809524 -6.04797619 0.333809524 
5 322.1479762 -6.04797619| -14.8297619 -6.04797619 
6 337.3297619 -14.8297619 -14.11154762 -14.8297619 
7 352.5115476 -14.11154762 -14.39333333 -14.1115476 
8 367.6933333 -14.39333333 -9.175119048 -14.3933333 
9 382.875119 -9.175119048 -0.356904762 -9.17511905 
100 398.0569048, -0.356904762 4.861309524 -0.35690476 
11 413.2386905 4.861309524 1.67952381 4.861309524 
12 428.4204762 1.67952381 9.097738095 1.67952381 
13 443.6022619 9.097738095 10.31595238 9.097738095 
14 458.7840476 10.31595238 2.934166667 10.31595238 
15  473.9658333 2.934166667 


SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.76884762 
R Square 0.59112666 
Adjusted R Square | 0.51420358. 
Standard Error 5.9002033 
Observations 14 
ANOVA 
df 
Regression 1 
Residual 13 
Total 14 
Coefficients 

Intercept ` 0 


Residuals (1-1) 


Yokardaky (Şekil - 10 dowamy) netijenamada görşüfüiz yaly (rho)=0.661! 


0.66101997 


Output options 
(@) Output Range: 


© New Worksheet Ply: 


© New Workbook 


Residuals 
[V | Residuals 


| | Standardized Residuals 


rmal Probability 
İLİ Normal Probability Plots 


Sekil - 10 (dowamy) 
SS MS F Significance F 
654.2881527 654.2881527 18.79468728 0.000969639 
452.561187 34.812399 
1106.84934 
Standard Error tStat P-value 
#N/A #N/A #N/A #N/A 
0.152474435 4.335283991 


[_] Residual Plots 


Line Fit Plots 


Lower 95% | Upper 9596 | Lower 95.0% 


#N/A N/A 


Upper 95.0% 


N/A 


0.000808695 0.331618986 0.99042096 0.331618986 0.990420964 


139 


» - £ | =B2*$D$2 


281.4 1 186.011 | 
288.1 2 190.4399 290 
290 3 191.6958 307.3 
307.3 4 203.1314 316.1 
316.1 5 208.9484 322.5 
322.5 6 213.1789 338.4 
338.4 7 223.6892 353.3 
353.3 8 233.5384 373.7 
373.7 9 247.0232 397.7 
397.7 10 262.8876 418.1 
418.1 11 276.3725 430.1 


430.1 12 284.3047 452.7 
299.2437 469.1 
310.0845 476.9 


+ + 
an 
SIM 
= N 
ALL". 
m + O 


0.66102 

1.3220399 
1.9830599 
2.6440799 
3.3050999 
3.9661198 
4.6271398 
5.2881598 
5.9491798 
6.6101997 
7.2712197 
7.9322397 
8.5932597 
9.2542796 


Şekil - 12 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.980755996 
R Square 0.961882324 
Adjusted R Square 0.958705851 
Standard Error 5.086982848 
Observations 14 
ANOVA 
df SS MS F Significance F 

Regression 1 7836.05227 7836.05227 302.814577 7.03538E-10 
Residual 12 310.528734 25.8773945 
Total 13 8146.581004 

Coefficients Standard Error t Stat P-value Lower95% | Upper95% Lower 95.0% Upper 95.0% 
Intercept 74.63043911 3.777549688 19.7563091 1.60935E-10 66.39986539 82.86101284 66.39986539 82.86101284 
Xe 17.31345945 0.994936733 17.4015682 7.03538E-10 15.14567853 19.48124037 15.14567853 19.48124037 
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Yokardaky (Şekil - 12) regressiya netijenamasy autocorrelation meselesi 
düzedilen regressiyadyr. Regressiya netijenama layyklykda, 1956 - 1970 yyllar 
aralygynda ortaça her yyl (X) ABS - daky yerli harajatlar (Y) takmynan 17.3 


milyard USD artypdyr! 
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EXERCISE 12.3455: Aşakda (Şekil - 13) 1950 - 1991 yyllar aralygynda ABŞ - daky 


senagat önümleriniü satylany (sales, 
(inventory, X) görkezilen (milyon USD). 


X) ve tayyar önümi hökmünde durany 


Şekil - 13 


TABLE 12.9 

Year Sales” Inventoriest Ratio 
1950 46,486 84,646 1.82 
1951 50,229 90,560 1.80 
1952 53,501 98,145 1.83 
1953 52,805 101,599 1.92 
1954 55,906 102,567 1.83 
1955 63,027 108,121 1.72 
1956 72,931 124,499 1.71 

1957 84,790 157,625 1.86 
1958 86,589 159,708 1.84 
1959 98,797 174,636 1/7 
1960 113,201 188,378 1.66 
1961 126,905 211,691 1.67 
1962 143,936 242,157 1.68 
1963 154,391 265,215 172 
1964 168,129 283,413 1.69 
1965 163,351 311,852 1.95 
1966 172,547 312,379 1.78 
1967 190,682 339,516 1.73 
1968 194,538 334,749 1.73 
1969 194,657 322,654 1.68 
1970 206,326 338,109 1.59 


Inventories and Sales in U.S. Manufacturing, 1950-1991 (millions of dollars) 


Year Sales” Inventoriest Ratio 
1971 224,619 369,374 E 
1972 236,698 391,212 1.63 
1973 242,686 405,073 1.65 
1974 239,847 390,950 1.65 
1975 250,394 382,510 1.54 
1976 242,002 378,762 EC 
1977 251,708 379,706 1.50 
1978 269,843 399,970 1.44 
1979 289,973 424,843 1.44 
1980 299,766 430,518 1.43 
1981 319,558 443,622 1.37 
1982 324,984 449,083 1.38 
1983 335,991 463,563 1.35 
1984 350,715 481,633 IRS 
1985 330,875 428,108 1.38 
1986 326,227 423,082 1.29 
1987 334,616 408,226 1.24 
1988 359,081 439,821 1.18 
1989 394,615 479,106 (STE 
1990 411,663 509,902 1.21 


a) Regressiya netijenama aşakda (Şekil - 14) górkezilen: 


Şekil - 14 
SUMMARY OUTPUT 
Regression Statistics 

Multiple R 0.971072042 
R Square 0.942980912 
Adjusted R Square | 0.941518884 
Standard Error 31803.72971 
Observations 41 
ANOVA 

df SS MS F Significance F 
Regression 1 6.52384E+11 6.52384E+11 644.981472 7.21323E-26 


39 39447611718 
40 6.91832E+11 


Residual 1011477224 


Total 


Coefficients Standard Error tStat 


P-value 


Lovver 9576 Upper 95% Lovver 95.026 Upper 95.0% 


66668.96607 10895.72525 
1.183862449 0.046615208 


Intercept 6.11881858 


X Sales 


3.5415E-07 44630.28155 
25.39648542 7.2132bE-26 1.089574292 


88707.65059 44630.2816  88707.65059 
1.278150607 1.08957429 1.278150607 


°° Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009 ,page 463,Exercise 12.34 


(Şekil - 15): 


Residuals 


-37055.9959 


-35573.19305 
-31861.79098 
-27583.82272 
-30286.98017 
-33163.26468 
-28510.23838 
-9423.663163 

-9470.43171 
-8995.024493 
-12305.37922 
-5216.030222 

5087.608401 

15768.32649 


17702.42416 


51797.91894 
41438.11986 
47105.77434 
37773.80073 
25537.9211 
27178.43018 
36787.03439 
44325.15986 
51097.19152 
40335.17701 
19408.97976 
25595.95343 
15049.3845 
13844.03898 
14885.88787 
8967.322901 
-1359.682698 
-2322.320349 
-873.0943303 
-234.2850362 
-30271.45404 
-29794.86137 
-54582.28346 
-51950.47829 
-54732.84657 
-44119.33361 


Sekil - 15 


Residuals (T) Residuals (T-1) Res (T) - Res (T-1) 


-35573.19305 
-31861.79098 
-27583.82272 
-30286.98017 
-33163.26468 
-28510.23838 
-9423.663163 
-9470.43171 
-8995.024493 
-12305.37922 
-5216.030222 
5087.608401 
15768.32649 
17702.42416 
51797.91894 
41438.11986 
47105.77434 
37773.80073 
25537.9211 
27178.43018 
36787.03439 
44325.15986 
51097.19152 
40335.17701 
19408.97976 
25595.95343 
15049.3845 
13844.03898 
14885.88787 
8967.322901 
-1359.682698 
-2322.320349 
-873.0943303 
-234.2850362 
-30271.45404 
-29794.86137 
-54582.28346 
-51950.47829 
-54732.84657 
-44119.33361 


-37055.9959 
-35573.193 
-31861.791 

-27583.8227 

-30286.9802 

-33163.2647 

-28510.2384 

-9423.66316 

-9470.43171 

-8995.02449 

-12305.3792 

-5216.03022 

5087.608401 

15768.32649 

17702.42416 

51797.91894 

41438.11986 
47105.77434 

37773.80073 
25537.9211 

27178.43018 

36787.03439 

44325.15986 

51097.19152 

40335.17701 

19408.97976 

25595.95343 
15049.3845 

13844.03898 

14885.88787 

8967.322901 
-1359.6827 

-2322.32035 
-873.09433 

-234.285036 
-30271.454 

-29794.8614 

-54582.2835 

-51950.4783 

-54732.8466 


1482.802852 
3711.402065 
4277.968265 
-2703.157456 
-2876.284503 
4653.026301 
19086.57521 
-46.76854658 
475.407217 
-3310.354722 
7089.348993 
10303.63862 
10680.71809 
1934.097669 
34095.49478 
-10359.79909 
5667.654479 
-9331.973605 
-12235.87963 
1640.509077 
9608.604212 
7538.125473 
6772.031653 
-10762.01451 
-20926.19725 
6186.973676 
-10546.56893 
-1205.345521 
1041.848892 
-5918.564968 
-10327.0056 
-962.6376508 
1449.226019 
638.8092941 
-30037.169 
476.5926651 
-24787.42209 
2631.805174 
-2782.368279 
10613.51296 


SQRD 
2198704.297 
13774505.29 
18301012.47 
7307060.231 

8273012.54 
21650653.75 
364297353.3 
2187.296949 

226012.022 
10958448.39 
50258869.14 
106164968.9 
114077738.9 
3740733.794 

1162502765 
107325437.1 
32122307.29 
87085731.37 
149716750.4 
2691270.033 

92325274.9 
56823335.65 

45860412.7 
115820956.2 
437905731.5 
38278643.27 
111230116.3 
1452857.825 
1085449.115 
35029411.28 
106647044.7 
926671.2467 
2100256.054 
408077.3143 
902231521.7 
227140.5684 
614416293.8 
6926398.474 
7741573.241 
112646657.4 


Residual SQRD 
1373146832 
1265452064 
1015173725 

760867275.7 
917301168 
1099802124 
812833692.2 
88805427.42 
89689076.77 
80910465.63 
151422357.6 
27206971.28 
25883759.24 
248640120.3 
313375821.2 
2683024407 
1717117777 
2218953976 
1426860022 
652185414.2 
738667067 
1353285899 
1964719797 
2610922981 
1626926504 
376708495.2 
655152832.1 
226483973.8 
191657415.2 
221589657.6 
80412880.02 
1848737.04 
5393171.804 
762293.7096 
54889.47816 
916360929.6 
887733764.3 
2979225668 
2698852194 
2995684493 
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b) Autocorrelation meselesini barlamak üçin Durbin - Watson test edeliü, yagny 


Yokarda (Şekil - 15) görşüfüiz yaly Durbin - Watson test netijesi d = 0.132. 
Durbin - Watson tablisa layyklykda yekeje garaşsyz görkezijisi ve 40 
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statistiki maglumaty bolan model üçin D,=1.442 ve D,-1.5449”. Bizi Durbin - 
Watson test netijámiz bularyü aralygynda bolmanlygy üçin (d = 0.132), 
modelimizde autocorrelation meselesi bar! 
c) Autocorrelation meselesini düzeltmek üçin GLS (rho) ulanalyü, yagny ilki 
bilen (rho) tapalyü: 
Ut = pun + s, (Şekil - 16) 
Ondan son bolsa górkezijileri transformasiya edelin, yagny: 
(Y, —pY, 1) = B1(1 — p) + B2(X, — pXıı) + & (Şekil - 17) 


Transformasiya edilen górkezijileriü regressiyasyny edelin, yagny: 


Y' = Bi + 62X” te, (Şekil - 18) 


Sekil - 16 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.934493019 
R Square 0.873277203 
Adiusted R Square 0.847636178 
Standard Error 11122.74485 
Observations 40 
ANOVA 
df SS MS F Significance F 

Regression 1 33249562217 33249562217 268.7583596 8.001E-19 
Residual 39 4824902669 123715453.1 
Total 40 38074464886 

Coefficients Standard Error tStat P-value Lower 9576 | Upper 9526 Lower 95.026 Upper 95.0% 
Intercept 0 #N/A #N/A #N/A #N/A #N/A #N/A #N/A 
Residual (T-1) 0.941609832 0.057436768 16.39385127 4.33702E-19 0.825433 1.057786661 0.825433 1.057786661 


(Rho = 0.941) tapylandan soñ görkeziiilerimizi tranformasiya edyàris! 
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1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 


46486 

50229 

53501 

52805 

55906 

63027 

72931 

84790 

86589 

98797 
113201 
126905 
143936 
154391 
168129 
163351 
172547 
190682 
194538 
194657 
206326 
224619 
236698 
242686 
239847 
250394 
242002 
251708 
269843 
289973 
299766 
319558 
324984 
335991 
350715 
330875 
326227 
334616 
359081 
394615 
411663 


84646 

90560 

98145 
101599 
102567 
108121 
124499 
157625 
159708 
174636 
188378 
211691 
242157 
265215 
283413 
311852 
312379 
339516 
334749 
322654 
338109 
369374 
391212 
405073 
390950 
382510 
378762 
379706 
399970 
424843 
430518 
443622 
449083 
463563 
481633 
428108 
423082 
408226 
439821 
479106 
509902 


Sekil - 


90560 

98145 
101599 
102567 
108121 
124499 
157625 
159708 
174636 
188378 
211691 
242157 
265215 
283413 
311852 
312379 
339516 
334749 
322654 
338109 
369374 
391212 
405073 
390950 
382510 
378762 
379706 
399970 
424843 
430518 
443622 
449083 
463563 
481633 
428108 
423082 
408226 
439821 
479106 
509902 


79703.506 
85272.186 
92414.297 
95666.617 
96578.096 

101807.8 
117229.48 
148421.25 
150382.62 
164438.97 
177378.58 
199330.33 
228017.41 
249729.05 
266864.47 
293642.91 
294139.14 

319691.6 
315202.95 
303814.18 
318366.76 
347806.19 
368369.07 
381420.72 
368122.36 
360175.18 
356646.02 

357534.9 
376615.68 
400036.35 
405379.98 
417718.84 
422860.97 
436495.48 
453510.37 

403110.7 
398378.17 
384389.62 
414139.78 
451130.92 


50229 

53501 

52805 

55906 

63027 

72931 

84790 

86589 

98797 
113201 
126905 
143936 
154391 
168129 
163351 
172547 
190682 
194538 
194657 
206326 
224619 
236698 
242686 
239847 
250394 
242002 
251708 
269843 
289973 
299766 
319558 
324984 
335991 
350715 
330875 
326227 
334616 
359081 
394615 
411663 


Transformasiya edilen górkezijileriü regressiyasy aşakda (Şekil 


43771.675 
47296.12 
50377.068 
49721.707 
52641.639 
59346.843 
68672.547 
79839.098 
81533.054 
93028.227 
106591.17 

119495 
135531.55 
145376.08 
158311.92 
153812.91 
162471.95 
179548.05 
183178.89 
183290.95 
194278.59 
211503.46 
222877.16 
228515.52 
225842.29 
235773.45 
227871.46 
237010.73 
254086.82 
273041.43 
282262.61 
300898.95 
306008. 13 
316372.43 
330236.69 
311555.15 
307178.55 
315077.72 
338114.2 
371573.36 


- 18): 
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Şekil - 18 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.788402199 
R Sguare 0.621578027 
Adiusted R Square 0.611619554 
Standard Error 11263.69612 
Observations 40 
ANOVA 
df SS MS F Significance F 

Regression 1 7918898097 7918898097 62.4170019 1.5403E-09 
Residual 38 4821092309 126870850.2 
Total 39 12739990406 

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% | Upper 95.0% 
Intercept 4278.021515 3558.511899 1.202193961 0.23672658 -2925.8092 11481.85224 -2925.8092 11481.85224 
Lë 1.160154201 0.146846725 7.900443144 1.5403E-09 0.862878548 1.457429854 0.862878548 1.457429854 


Yokarda (Şekil - 14) regressiya netijenama layyklykda: satyşlaryü 1 milyon USD 
yokarlanmagy, 1.18 milyon USD - lyk tayyar önüm öndürilmegine getirer! Tayyar 
önümleriü üytgemeginiü 946 satyşlar jogap  beryár. Yöne bu modelde 
autocorrelation meselesi bar! Düzedilen regressiya netijenamasyna (Şekil - 18) 
layyklykda, satyşlaryü 1 milyon USD yokarlanmagy, yenede takmynan 1.16 milyon 
USD - lyk tayyar önümiü öndürilmegine getirer (öňki bilen kafisentiñ tapawudy 
yok). Yöne, indi satyşlar, tayyar önümleriü önümçiligine diñe 626 derejede 
tásir edyándigi orta çykyar. Tayyar ónümleriü artmagyna ya - da azalmagyna 
sebâp bolyan 406 faktorlar bar diymegi afladyarl (mysal üçin çig malyü bahasy, 
alyjylaryü girdejilerinin yokarlanmagy. eksport, ve s.m.). 


EXERCISE 12.3595: Aşakda (Şekil - 19) 1954 - 1981 yyllar aralygynda ABŞ - yü 
paynamalaryn girdeji görerimi (RR), ykdysady ösüş depgini (Growth) we 
inflyasiya derejesi (Inflation), âhlisi göterimde, berilen. 


a) Paynamalaryü girdeji göteriminiü inflyasiya regressiya netijenamasy asakda 
berilen (Şekil - 20) 


b) Paynamalaryü girdeji göteriminiü inflyasiya ve ösüş depginine regressiya 
netijenamasy aşakda (Şekil - 21) berilen: 
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TABLE 12.10 
Rafe of Return, 
Output Growth and 
Inflation, United 
States, 1954—1981 


Sekil - 19 

Observation RR 
1954 53.0 
1955 31.2 
1956 3.7 
1957 —13.8 
1958 41.7 
1959 10.5 
1960 —1.3 
1961 26.1 
1962 —10.5 
1963 21.2 
1964 15.5 
1965 10.2 
1966 —13.3 
1967 21.3 
1968 6.8 
1969 —13.5 
1970 —0.4 
1971 10.5 
1972 15.4 
1973 —22.6 
1974 —37.3 
1975 31.2 
1976 19.1 
1977 —13.1 
1978 —1.3 
1979 8.6 
1980 


1981 


Inflation 
6.7 —0.4 
2.1 0.4 
1.8 2.9 
—0.4 3.0 
6.0 1.7 
2.1 1.5 
2.6 1.8 
5.8 0.8 
4.0 1.8 
5.3 1.6 
6.0 1.0 
6.0 255 
2 3.2 
4.6 257 
2.8 4.3 
—0.2 5.0 
3.4 4.4 
S7 3.8 
5.8 3.6 
—0.6 7.9 
—1.2 10.8 
5.4 6.0 
5.5 4.7 
5.0 5.9 
2.8 7.9 
—0.3 9.8 


Şekil - 20 
SUMMARY OUTPUT | | 
| 
Regression Statistics ES ü 7 m 
Multiple R | 0.642954492 
R Square |. 0.413390479 
Adjusted R Square | 0.390828574 
Standard Error | 16.31106106 
Observations | 28 
| 
ANOVA | 
| df | SS MS F Significance F 
Regression | 1 4874.71397 4874.713965 18.32249917 0.00022426, 
Residual 26 6917.31853 266.0507129 
Total 27 11792.0325 
| Coefficients Standard Error tStat P-value Lower 9526 Upper 9576 | Lower95.0?6 | Upper 95.0% 
Intercept | 23.98694065 5.23503706  4.582000162| 0.000101324 13.2261679 34.74771343 13.22616786 34.74771343 
Inflation | -4.375619828 1.02222671 -4.280478848 0.000224265 -6.47683693 -2.27440272 -6.476836933 -2.274402724 
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SUMMARY OUTPUT 


Regression Statistics 
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Sekil - 21 


Multiple R 0.756553909 
R Square 0.572373817 
Adjusted R Square 0.538163722 
Standard Error 14.20222778 
Observations 28 
ANOVA 
df SS MS F Significance F 

Regression 2 6749.45065 3374.725327 16.73113808 2.4451E-05 
Residual 25 5042.58185 201.7032739 
Total 27 11792.0325 

Coefficients Standard Error t Stat P-value Lower 9576 | Upper95?6 | Lower 95.096 | Upper 95.0% 
Intercept 3.531811995 8.11136892  0.435415036  0.666997387 -13.173865 20.23748901 -13.17386502  20.23748901 
Growth 3.943315101 1.29344455  3.048692804 0.005369887 1.27941618 6.607214024 1.279416178  6.607214024 
Inflation -2.499425595 1.08210146 -2.309788572  0.029441893 -4.72805528 -0.27079591  -4.728055279 -0.270795912 


c) Eugene Fama - nyü aydan zadyny dogrulamak üçin inflyasiya bilen ösüş 
depgininin correlation testini tapmaly, yagny (Eugene Fama dogry!): 


Grovvth 
Inflation 


Growth Inflation 


-0.56871692 1 


1 


d) (Şekil - 20) - düki regressifanyü Durbin - Watson testi d = 2.076 ve (Şekil 
- 21) dáki regressiyanyn Durbin - Watosn testi d = 1.896. Iki regresiyada - 


da autocorrelation meselesi bar. 


e) Transformasiya edilen górkezijileri bilen, yagny autocorrelation meselesi 
düzedilen iki modeliü (Şeki - 
berilen (Şekil - 22) ve (Şekil - 23): 


20 ve 21) regressiya netijeleri aşakda 
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Şekil - 22 
SUMMARY OUTPUT | 
Regression Statistics 

| Multiple R 0.618866682 

R Square ` ` 0.38299597 | 
| Adjusted R Square 0.358315809 

Standard Error | 1543693974 — 
. Observations 27 

| 
LANOVA 

| df SS MS F Significance F 

| Regression 1 3698.01467 3698.014668 15.5183739 0.00057888 

Residual 25| 5957.47771 238.2991086 

‘Total 26) 9655.49238 

| 

| Coefficients Standard Error tStat P-value Lower 95% | Upper95?6 | Lower95.0% | Upper 95.0% 
‘Intercept © 22.00855185 5.29496539 4.156505324 0.000331162 11.1033665 32.91373721 11.10336648 32.91373721 

-1.758996071 


x” 


-3.686181798 0.93573666 -3.939336734 0.00057888 -5.61336752 -1.75399607 -5.613367524 


Şekil - 23 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.726710313 
R Square | 0.528107879 
Adjusted R Square 0.488783536 
Standard Error 13.66291692 
Observations 27 | 
ANOVA 
df SS | MS F Significance F I 
Regression 2 5013.92713 2506.963563 13.42954092 0.00012193 | 
Residual 24 4480.20717 186.6752988 
Total 26 9494.1343 
| 

Coefficients Standard Error tStat P-value Lower 95% | Upper 9576 | Lower 95.0% | Upper 95.0% 
Intercept 2.24965677 7.86820749  0.285917316 0.777394807 -13.9895253 18.48883888 -13.98952535 18.48883888 
Inflation* -2.178697414 1.05201127 -2.070982968 0.049278953 -4.34994195 -0.00745287 -4.349941953 -0.007452875 


Grovvth” 


3.652855975 1.25408976 


2.912754805 


0.007627872 1.06454192 6.241170027 


1.064541922 6.241170027 
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Taryhyüy bilmek — wajypdyr! Taryhy okadyeyüça bir zada düşünyarsin — taryh, aslynda, 
ykdysady taryhdan ybaratdygyny! Yewropalylar kontinentleri name kefpine acandyrlar 
öydyanizmi? Ayralça agaçdan yasalan gamilerde okeanyn “anyrsy bâtisi görünmeyin 
gujagyna" özlerini oklar yaly name bular dâlimi? Yewropalylar muny gazanç üçin etdiler! 
Gurulan aper binalar, köşkler, galalar, bularyn âhlisi ykdysady yagdayyn nahilidiginden 
habar berydr! Geçmişde bolup geçen islan meselanin sebabinde ykdysadyyetin 
yatandygyny görersinizl Ykdysadyyet ylmyny bilmin taryhy okamak — “ak — gara 
renkdaki telewizorda" kino görmek yaly! Name üçin mongollar yöne heteketde 
bolupdyrlar? Name üçin Çingiz hanyn köşgi ya — da galasy yok? Sebâbi mongollaryn 
ykdysadyyeti  basybalyjylyga bagly! Olaryn oturymly, önümçilikli ykdysadyyeti 
bolmandyrl Ahli girdeji — basybalynan gymmat bahaly zatlar, oljalar, gyrnaklar, gullar, 
mallar — yörişlere bagly (Uruş ykdysadyyeti)l 1991 — nji yylda dagap yykylyp giden 
Sosiyalistik Dövvletler Bitliginiü ykdysady taryhyny megerem belli tus ykdysadçysy 
Grigoriy Isaakowiç Hanin — den gowy bilyan yok bolsa gerek, sebâbi onun 3 tomluk 
“Ekonomiçeskaya istoriya Rossiyi vv noweyşeye vvremya” atly kitaby, “âhli zady eyyam 
bilyâris” diyyân belli Amerikaly we Yevvropaly ykdysadeylaryfı hem “agzyny 
açdyrypdy”. Mysal üçin Yosif Stalini bütin dünyü “zalym” hökmünde tanayar, emma 
welin Sowet Birligini in okgunly ösen döwri (önümçilik kuwwaty boyunça dünýäniň 2 
döwleti bolupdy wagtynda) Yosif Staliniü döwrüne düşmegi yöne yere dildir. Onuü 
yöreden ykdysady syyasaty, şindilerem özboluşly hasap edilyánem bolsa, netijelilik 
boyunça iü yiti ykdysadçylary hem hayrana galdyryan âdimleti Grigoriy Isaakowiçin 
kitabyna götkezilen. Men bu yetde hiç kimi aklamogam ya — da garalamogam, men dine 
taryha “ykdysady göz” bilen bakylsa, kabir meselelere has üytgeşik seredip 
baslajagymyzy aydyaryn! Yene — de şol kitapda, Sowet Birliginiň dagamagynyf esasy 
sebâbi hökmünde — iş başyna getirilen (wezipâ bellenen) işgâtleriü sota — baka 
ukyplylygynyü we tehniki tayyarlyklarynyf örin pes bolandygy yazylyar. Yosif Stalinden 
sofiky döwürlerde, iş başyna getirilyan adamlaryn esasan hem ylym — bilim we 
profesyonal tayyarlygyna dâlde, onun “kommunizme wepalylygyna" has köptâk ünsün 
berilmegi netijesinde, ahli döwlet guramalarynyn işinin “gowşamagyna”, netifeliligin 
bolsa dine “kagyz yüzünde” bolmagyna (nomenklatura) getirendigini açyk subutnamalar 
bilen (köp yerlerinde şol wezipeli işgâtlerin öz biyografiyalarynda aydan sözlerini 
getirmek arkaly) götkezyâr. Grigoriy Isaakowiçin 3 tomda yazan zatlaryny eger — de bir 
sözlemde jemlemeli bolsa, onda: “Her bir ykdysady ulgamyn — bazar ykdysadyyeti ya — 
da kommunizm ykdysadyyeti — netijeli işlemegi üçin — yagny ykdysadyyeti ösüşe, 
önümçiligin ösmegine — amala asyrylmagy hökmany bolan şertler bardyr (bazar 
ykdysadyyetinde bâsleşik we gözegçilik yaly), eger — de şol şertler yerine yetirilse, islendik 
ykdysady ulgam bilen ykdysady ösüş mümkindirl”. Ussat halypanyn aydany bilen doly 
ylalaşyarynl Bazar ykdysadyyetine geçeni bilenem gatyp yaşayan döwletlerin düyp sebabi 
hem şol “yerine yetirilmeyan şertler” bolmaly! 
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9 - NUY BOLUM.MODELIN DÜZÜLIŞI 


Görkezijiler arasyndaky  gatnasygyün matematiki modelini hakykysyny 
tapmak örün kyn! Nüçe sany garaşsyz górkeziji bolmaly? Azrakmy, köprükmi? Yene 
haysy górkezijiler bagly görkezijâ tasir edip bilyâr? Belki - de górkezijiler 
logarithmik bolmaly? Belki - de regressiya bularyñ kwadradyny hem goşmaly? 
Ekonometriki seljerislerin iñ agyryly nokady - ekonometriki modeli nadogry 
düzülmegidir! Saylan ve düzen ekonometriki modelinizin dogrulygyny ya - da 
yalüyşlygyny orta çykaryan birnaçe testler bardyr, men bu kitapda in 
yörgünlisi bolany şu 2 - sini ulanmakçy: Akaike' s Information Criterion (AIC) 
we Schwarz s Information Criterion (SIC) ulanmakcy. Ekonometriki model 
düzülende göyberilyân yalüyşlyklar: 


e Ahmiyetli górkezijiniá modelde yoklugy (kafisentlerifü nádogry bolmagyna 
getiryür) 


e Ahmiyetsiz görkezijinili modelde bolmagy (kafisentler dogry, yöne 
modelimiziü çaklama güyji azalyar) 


e Modeliü matematiki funskiyasynyü yalüyşlygy (górkezijileriü belgileriniü 
yalüyş bolmagyna ve kafisentleriü nâdogry bolmagyna getiryár) 


e Maglumat alnanda goyberilen hasabat yalüyşlygy (Bagly gérkezijinin 
sanlarynyü arasynda yalüyslyklaryn bolmagy: garaşsyz görkezijilerinil 
kafisentleri yene - de dogry bolar, yöne modelimizi çaklama güyji 
azalar. Eger - de garaşsyz górkezijileriü sanlarynda yalnyslyk bolsa, 
kafisentler nádogry bolar!) 


ə Yalüyslygyü nádogry hasaplanylmagy (Kafisentlerimizi nádogry eder!) 


ə Yalüyşlygyü, OLS usulynyü şertlerini bozmayanlygyny çak etmek 
(Kafisentlerimizi nâdogry eder! Autocorrelation) 


Modeliü düzülişini barlayan testler az dâldir, yöne yene - de, ykdysadcy 
ekonometriki modelleri düzende ykdysady nazaryyetden, şol mowzuk boyunça eyyam 
edilen işlerden ugur almalydyr! Bolmasa, yöne testlerin netijesine kovalaşmak, 
modeli has üytgeşik etjek bolmak niyeti ekonometriki seljerisiñiziñ netijesine 
uly şübhe döretmek bilen birlikde, seljeris geciryániá ylmy ukybyna uly şübhe 
dóretmegine getirer. OLS usuly ulanyp, ekonometriki seljeris geçirilen 
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meseleler barada müfülerçe ylmy işler bar, bulary okamak, öwrenmek we bularyn 
düzen modellerinin artyk  tarapyny ve kemçiliklerini  bileniüden sonra 
ekonometrik modellerinize üytgeşme girizmegi maslahat beryárin! Statistiki 
maglumatlar - sandyr, gury sanlara seredip regressiya geçirseliz, gülkünç ve 
manysy bolmayan netijelere alarsynyz. Her bir modelin arkasynda - ylym - 
yatmalydyr! 


Modelin yalfiys düzülendigine yşarat edyân yagdaylar: 


e F - testin kiçi bolmagy 

° R? kiçi bolmagy 
e Standard Errorun uly bolmagy 
e RSS uly bolmagy 
e Kafisentlerin belgileriniü yalüyş bolmagy: (-) bolmagyü yerine (+) 
bolmagy 
e Adjusted R” kiçi bolmagy 
e Ahmiyetlidigi bilinyán görkeziiileriü regressiya netijesinde âhmiyetsiz 
bolup cykmagy (T - test) 
e Akaike (AIC) we Schwarz (SIC) Criterion - laryü uly bolmagy 


Birnüçe ekonometriki modeller bolsun, bularyá arasynda “iñ dogra" yakyny, 
Akaike (AIC) ve Schwarz (SIC) kriteriyalary iñ düşük bolany - iñ dogry düzülen 
model diyilip hasap edilyâr! (Model with lowest AIC or SIC criterion is the 
best model!) 
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EXERCISE 13.287: Aşakda (Şekil - 1) 1970 - 2005 yyllarda ABS - yü 
süyşürintgiler (Savings, Y) ve girdeii (Income, X) barada maglumat berilen 
(milyard USD). Aşakdaky berilen 2 modellerini haysysynyü has dogrulygyny 
barlañ: 


Y, = B4 + B,X, + B3Xt-1 +u, (1 - nji model, Şekil - 2) 


Y, — Q4 + Q5X, + Q3Y, 4 Tu (2 m nji model, Şekil m 3) 
Ilki bilen iki modelin hem regressiya netijenamasyny asakda görkezeliü (üns 


beril, regressiya netijesinde 1 maglumaty yitirdik, aslynda 36 yylyn maglumaty 
bar yöne bizde 351): 


Şekil-1 
IS Year Savings İncome 
Savings and Personal 
Disposable Income 1970 69.5 735.7 
(billions of dollars), 1971 80.6 801.8 
United States, 1972 77.2 869.1 
1970-2005 (billions of 1973 102.7 978.3 
dollars, except as 1974 113.6 1,071.6 
noted; quarterly data 1975 125.6 1,187.4 
at seasonally adjusted 1976 122.3 1,302.5 
annual rates) 1977 125.3 1,435.7 
GE 1978 142.5 1,608.3 
lərə 1979 159.1 1,793.5 
Economic Analysis. 1980 201.4 2,009.0 
1981 244.3 2,246.1 
1982 270.8 2,421.2 
1983 233.6 2,608.4 
1984 314.8 2,912.0 
1985 280.0 3,109.3 
1986 268.4 3,285.1 
1987 241.4 3,458.3 
1988 272.9 3,748.7 
1989 287.1 4,021.7 
1990 299.4 4,285.8 
1991 324.2 4,464.3 
1992 366.0 4,751.4 
1993 284.0 4,911.9 
1994 249.5 5,151.8 
1995 250.9 5,408.2 
1996 228.4 5,688.5 
1997 218.3 5,988.8 
1998 276.8 6,395.9 
1999 158.6 6,695.0 
2000 168.5 7,194.0 
2001 132.3 7,486.8 
2002 184.7 7,830.1 
2003 174.9 8,162.5 
2004 174.3 8,681.6 
2005 34.8 9,036.1 


” Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 518,Exercise 13.28 
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(1 - nji model, Şekil - 2) 


SUMMARY OUTPUT 


Regression Statistics 


Multiple R 0.262961555 
R Square 0.06914878 
Adjusted R Square 0.010970578 
Standard Error 80.44349245 
Observations 35 
ANOVA 
df SS MS F Significance F 

Regression 2 15382.82359 7691.41179 1.18856854 0.31774912 
Residual 32 207076.9753 6471.15548 
Total 34 222459.7989 

Coefficients Standard Error tStat P-value Lower 95% | Upper 9576 Lower 95.0% Upper 95.0% 
Intercept 162.448313 33.37992791 4.86664661  2.9269E-05 94.4556248 230.441001 94.455625 230.4410011 
X 0.327853723 0.230434995 1.42276013 0.1644818 -0.141527 0.79723445 -0.141527 0.797234447 
X(t-1) -0.336894593 0.239261843  -1.4080582 0.16875532 -0.82425502 0.15046583  -0.824255 0.150465832 

(2 - nji model, Sekil - 3) 

SUMMARY OUTPUT 


Regression Statistics 


Multiple R 0.857002207 
R Square 0.734452783 
Adjusted R Square 0.717856082 
Standard Error 42.9656769 
Observations 35 
ANOVA 

df SS MS F Significance F 
Regression 2 163386.2183 81693.1092 44.2529379 6.1132E-10 
Residual 32 59073.58054 1846.04939 
Total 34 222459.7989 

Coefficients Standard Error t Stat P-value Lower 9596 | Upper 9576 Lower 95.0% Upper 95.096 

Intercept 39.19312778 21.54574139 1.8190661  0.0782703 -4.69411127 83.0803668 -4.6941113 83.08036684 
X -0.005713887 0.003120333 -1.8311785 0.07639889  -0.0120698 0.00064202 -0.0120698 0.000642024 
Y(t-1) 0.918413936 0.098394801 9.33396808 1.1907E-10 0.71799028 1.11883759 0.7179903 1.118837588 | 


1 - nji modelin: hiç bir garaşsyz górkezijisi âhmiyetli dal (90% âhtimallyk 
bilen T - testleri), F - testi netijesi bolsa (1.18) (numerator = 2, 
denominator = 32 üçin F - testi = 3.23 bolmaly) görkezijilerinin hiç biriniü 
âhmiyetli düldigini yene bir gezek tassyklayar. R” = 0.069 bolmagy (óràn 
kiçi), modeliü çaklama güyjüniü düybünden yokdugyny afiladyar! Yagny, 1 - nji 
model “ulanyşsyz”  (inapplicable!)! 1 - nji modeliü AIC we SIC hasaplanany 
agakda górkezilen ((n (maglumat sany)-35, k (garassyz górkeziji sany)- 2): 


mme? _ (207076.9753)(e)55 


= 6632 
35 


AIC 
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SIC 


k 2 
RSS)(n)n  (207076.9753)(35)55 
=< x 2... 


35 


2 - nji modeliü: garaşsyz górkezijisi âhmiyetli (90% âhtimallyk bilen T - 
testleri), F - testi netijesi bolsa (44.25) (numerator = 2, denominator = 32 
üçin F - testi = 3.23 bolmaly) górkezijileriniá umumy öâhmiyetlililigi 
yokarydygy tassyklanyar. R^ = 0.73 bolmagy, modelin çaklama 73% - digini 
bildiryâr! Yagny, 2 - nji model, 1 - nji model bilen deüesdireniüde “dogra iñ 
yakyn” ! 2 - nji modeliü AIC we SIC hasaplanany aşakda görkezilen (in 
(maglumat sany)-35, k (garaşsyz górkeziji sany)- 2): 


2k 4 
(paus? _ (59073.58)(6)% 
n 


IC = = 9 
SS n 59073.5 5 ; 
R n 073.58)(35)35 
SIC — 5 X ) = oum t X ) — 2068 


MYSAL: AIC we SIC kriteriyalaryny barlap görmek üçin şeyle 3jykdajy we 
önümçilik funksiyasyny düzelif: 


Y = 10000 + 30000X — 300X? + X? 
Aşakda (Şekil - 4) önümçilik karhanasynyü hepdelik öndüren önüminiü mukdary 
bilen jemi cykdajysyny yokardaky funksiya göra EXCEL - de yasalyñ. Şu aşakdaky 
modelleri haysysy jemi cykdajylar (Y) bilen öndürilen önümiü (X) arasyndaky 
modeli 0LS usuly matematiki şekilde dogry düzülendigini regressiyalar arkaly 
gorelin: 

Y, = z+ Q X1t + Uç (1) 
Y, = P + PX. + 822”: + Uy (2) 


Y, = y + y iX, + (e + (te all (3) 


Y, — 0 + 04X4, + 0,X*., + OX“ + 0,X*,, + Uç (4) 


Şekil - 4 


4,662,264 254 
11,658,000 320 
32,265,875 415 

1,025,625 125 
414,503,625 845 
145,713,125 625 

5,502,125 | 265 

56,752,968 482 
75,098,000 520 
98,346,000 560 

145,713,125 625 
12,553,176 326 

562,525,625- 925 — 
28,010,000 | 400 

204,307,472 688 

232,485,544 714 

279,455,077 753 

564,569,976 926 

419,518,992 848 

550,363,259 919 

174,751,112 658 

544,348,496 916 

513,010,000 900 

369,611,813 817 
12,400,625 


1 - nji model 
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SUMMARY OUTPUT | 
i 8 | 
Regression Statistics | 
_ Multiple R | 0.938802489 
R Square 0.881350113, 
Adjusted R Square 0.876191422 
Standard Error — 73865159.22 I 
Observations 25 
ANOVA 
df SS | MS F Significance F 
Regression il 9.32155E+17] 9.32155E+17, 170.8476348. 3.94046E-12. 
Residual 23 1.25489E+17] 5.45606E:15 
Total 24 1.05764E+18 
| | 
Coefficients Standard Error tStat P-value Lower 9576 | Upper 9576 Lower 95.0% | Upper 95.0% 
“Intercept -258937174.9. 39391647.86. -6.573402967 1.04585E-06 -340425007 -177449343 -340425007 -177449342.8 
Öndürilen mukdar 787577.1415 60254.37936 13.0708697 3.94046E-12 662931.4611 912222.822 662931.461 912222.822 


2 - nji model 


SUMMARY OUTPUT 
Regression Statistics 
Multiple R `  0.998425428 - mü. EX Kk... e ME... 3 lb 
R Square 0.996853336 
Adjusted R Square 0.996567276 
Standard Error 12299394.18 
Observations 25 
ANOVA 
df ss MS F Significance F 
Regression 2 1.05432E+18 5.27158E+17 3484.765938 2.9947E-28 
Residual E 3.32805E+15] 1.51275E+14 
Total 24 1.05764E+18 


P-value Lower 95% Upper 95% Lower 95.0% 


Coefficients Standard Error 


28.41732691 7.77237E-19 1261.211332 1459.787588 1261.21133 


1360.49946 47.87570147 


Qsqrd 


3 - nji model 


Upper 95.0% 
Intercept 111151780 14581850.83 7.622611242 1.30419E-07 80910872.33 141392687.7 80910872.3 141392687.7 
q -782553.2101 56156.10817 -13.93531774 2.14023E-12 -899013.8504 -666092.57 -899013.85 -666092.5698 
1459.787588 


SUMMARY OUTPUT 
Regression Statistics uu | 
Multiple R 1 
R Square 1 
Adjusted R Square 1 
Standard Error 2.89213E-08 
Observations 25 
ANOVA 
df ss MS F Significance F 
Regression 3 1.05764E+18 3.52548E+17 4.21487E+32 0 
Residual 21 1.75652E-14 8.3644E-16 
Total 24 1.05764E+18 


Standard Error P-value Lower 95% 
Intercept 10000 6.54236E-08 1.5285E+11 1.7758E-222 10000 10000 10000 
Q 30000 4.28224E-10 7.00569E+13 2.3147E-278 30000 30000 30000 
Qsqrd -300 8.40033E-13 -3.57129E+14 3.2333E-293 -300 -300 -300 
Qcub 5.01328E-16 1.9947E+15 0 


4 - nii model 


Upper 95% Lower 95.096 Upper 95.096 


SUMMARY OUTPUT | m RSEN zm 
Regression Statistics 

Multiple R 1 
_R Square 1 
Adjusted R Square 1 | 
Standard Error 4.02394E-08 
Observations 25 
"ANOVA u | | B 

df ss MS İ F Significance F 
Regression 4 1.05764E+18 2.64411E+17 1.63296E+32 0 
Residual 20 3.23842E-14 1.61921E-15. 
Total 24 1.05764E418 

| 
Coefficients Standard Error t Stat | P-value Lower 95% | Upper95?6 Lower 95.0% | Upper 95.0% 

Intercept | 10000 1.58658E-07 63028510948 1.8431E-204 . 10000 10000 10000 
Q 30000 1.87351E+13, 6. " 30000: 30000 30000 
Qsqrd ın -300 - -5.50197E413 2. 2 -300 - am ——— 
Q cub 1 7.44503E-15 1.34318E+14 4.9388E-271 1 1 1 3: 


Qquadrpl -4.97659E-18 3.49964E-18 -1.422030159 0.17042606 -1.22767E-17 2.32352E-18 -1.2277E-17 


2.32352E-18 
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1 - nji model: F - test (170.84) ve garassyz görkezijinii T - testi (13) bu 
gorkezijinin bagly görkeziii üçin âhmiyetlidigini görkezyür. R^ = 0.88 
bolmagy, modeliü çaklama güyiüniü yokardygyny górkezyár. Yöne, standard error 
- yna layyklykda, modelimiziü cykdajylary çaklama yalüyşlygy +73.8 milyon 
Manat töweregi  boljagyny  aüladyar. Mukdaryn belgisiniü (+Q) bolmagy, 
önümçiligiü artdygyca cykdajylaryüam artjagyny afüladyar ve bu dogry belgidir! 


= 5.41 = 1015 


2k 2 
RSS)(e)n (125 : 1015 (e)25 
AIC, = Š Xe) M ye 


25 


2 - nji model: F - test (3484) we garaşsyz górkezijileriü T - testleri bu 
gorkezijilerin bagly görkeziii üçin âhmiyetlidigini görkezyür. R^ = 0.99 
bolmagy, modeli çaklama güýjüniň örün yokardygyny górkezyár. Yöne, standard 
error - yna layyklykda, modelimizin çykdaiylary çaklama yalnyslygy +12.3 
milyon Manat töweregi boljagyny anladyar. 1 - nji modele göra, 2 - nji 
modelimiz has dogra yakynlyoyny AIC testi bilenem tassyklalyn: 


2k 2 
| (RSS)(e)n B (332 * 1013)(e)25 


= = 14.3 : 1013 
AIC, T 14.3 : 


3 - nji model (biziñ döreden modelimizil): F - testi 4 modeliň arasynda iñ 
ulusy! Garaşsyz görkezijileriň T - testleri bu görkezijileriň bagly görkeziji 
üçin ühmiyetlidigini görkezyar. R? = 1 bolmagy, modeliñ çaklama güyjüniñ örän 
yokardygyny görkezýär. Modelimiziñ çykdajylary çaklama yalnyslygy 4 modeliñ 
arasynda iñ kiçisi. 3 - nji modelimiz “iñ dogry modeldigini AIC testi 
bilenem tassyklalyñ: 


2k 2 
_ (RSS)(e)n (175 » 10717)(e)25 
n 


— -12 
25 =7.5 * 10 


AIC; 
4 - nji modelimizin AIC testi netijesi: 


2k 2 
RSS)(e) 7 323 « 10717 (e)25 
jes Luc 


= 14 x 110717 
Şunlykda, 3 - nji model iñ dogry model sebábi AIC iñ kiçi bolanyl Yagny: 


AIC, > AIC; > AIC, > AIC; 
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Yokardaky jemi  cykdajy funksiyasynyi kwadratik ya - da kubik 
funksiyadygyny nireden bilip bolyar? Muny die ykdysadyyet ylmynda okan ve 
övrenen ylmyfidan bilip bolyar. Yagny, gynansakda, hiç bir ekonometriki 
programma sizin modelinizin matematiki şeklini (functional form) görkezip Ya - 
da tapyp bilenokl Modeliüiziü şekli ekponensialmy, ya - da kubik mi, ya - da 
logarithmikmi ya - da yene - de başga görnüşlerdemi muny size hiç bir 
programma aydyp bilenok. Yküysadçynyü özi muny tejribesine göra anyklamaly 
bolyar. Ekonometriki programmalar size diñe berilen maglumata ve görkezen 
funksiyonal forma  layyklykda regressiyaüyzy amala aşyryp  beryár ve 
kafisentleri tapyp beryár. Sonuá üçinem, ekonometrikany öwrenmek üçin, ilki 
başda ykdysady we maliye ylymlarynyn esaslaryny bilmek, birnâçe ylmy işler 
bilen  tanys bolmak  hókmanydyr! Programmalar bize dine hasaplamany 
afüsatlaşdyryp beryárler, yöne yene - de iñ agyr işi (mysal üçin modelinizin 
matematika şeklini) adamyü özi tapmaly bolyar! 
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10 - NJY BÖLÜM.PANEL DATA 


Islendik bir maglumatyn yyllar boyy yygnalmagy netijesinde - time series 
maglumaty emele gelyar. Mysal üçin bir kárhananyü girdejileri we çykdaiylary 
maglumatynyn 10 yyl boyunça yygnalmagy - time series maglumaty diyilyár. Belli 
bir döwürde, birnâçe gurama ya - da kârhana, işe degişli maglumatlaryn 
yygyndysyna - cross sectional maglumaty diyilyâr. Mysal üçin bir pudakda 
işleyân onlarça kârhananyi 2025 - nji Yylyü birinji cáryegi yagdayyna jemi 
girdejisi we cykdajysy maglumatlar yygyndysyna - cross sectional maglumaty 
diyilyâr. Birnâçe karhana (ise, gurama we ş.m.) degişli maglumatlaryp ençeme 
yyllap yygnalmagy - panel data (panel maglumaty) emele getiryar. Mysal üçin 
bir pudakda işleyân birnâçe karhananyn 10 cáryegiá dowamynda yygnalan jemi 
girdejileri we cykdajylary barada maglumat. Panel data, her bir ykdysadcy ücin 

"elyetmez" baylykdyr ve maglumat görnüşleriniü arasynda iñ  "islenmegi" 
söyülyân maglumatlar yygyndysyna giryár. Sebábi maglumatyn bollugy, dürli - 
dürli kârhanalara degişli bolmagy, ve maglumat mukdarynyn bol bolmagy, 
seljeriş üçin iñ âhmiyetli yagdaylaryn döremegine getiryâr. Mysal üçin bir 
pudakda işleyân 10 kárhananyá cykdajy ve girdejileri baradaky maglumat 10 
Yyllap Yygnalan bolsun. Bu jemi maglumat sanynyü 100 bolmagyna getirer! Eger - 
de yekeje kárhananyü maglumaty bolsady elimizde, bu ekonometriki seljeriş üçin 
örün az bolardy (n = 10), hat - da regressiya netijenamasynyá dogrulygyna 
şübhe dóretmegi hem yalüys bolmazdy. Panel data - ny regressiyada ulanmagyn iñ 
azyndan 4 görnüşi bardyr: Pooled model: Least Squares Dummy Variable (LSDV) 
model: Fixed effect within group model: Random Effects model (REM). Men bu 
kitapda Pooled model we LSDV ulanyp görkezmekçi sebâbi galan modellerin 
regressiyasy EXCEL - de etmek “mümkin dal” derejesinde çylşyrymly. Esasan 
hem REM üçin ekonometrika programmalarynda (softvare) ayratyn regressiya 
funksiyasynyn bolmagy, muny elde etmegiñ mümkin dáldigini yene bir sapar subut 
edyar. 


EXERCISE 16.1471: Aşakda (Şekil - 1) 1980 - 2006 yyllar aralygynda ABS, Kanada 
ve Angliyadaky senagat pudagynda ortaça sagatlayyn aylyk derejeleri (Y) 
(Indeks 1992 = 100, yagny Y/100) ve her bir dövletde degişli yyldaky işsizlik 
derejesi (X) berilen. Şu aşakdaky modelin regressiyasy teklip edilyür: 


Yi, = P, + B2Xit + uit 


"Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009 ,page 615,Exercise 16.14 
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Şekil - 1 
TABLE 16.16 Year COMP US UNU.S. COMP CAN UN CAN COMPUK. UN UK. 
Unemployment Rate 
and Hourly 1980 55.9 7.1 49.0 7.3 47.1 6.9 
Cam in 1981 61.6 7.6 53.8 7.3 47.5 9.7 
Manufacturing, in 1982 67.2 9.7 60.1 10.7 45.1 10.8 
the United Sites 1983 69.3 9.6 64.3 11.6 41.9 11.5 
ETD 1984 71.6 7.5 65.0 10.9 39.8 11.8 
United Kingdom, 1985 75.3 7.2 65.0 10.2 42.3 11.4 
ENEE 1986 78.8 7.0 64.9 9.3 52.0 11.4 
1987 813 6.2 69.6 8.4 64.5 10.5 
Source; Economie Report of ihe 1988] EW 5.5 78.5 74 74.8 8.6 
resident, Januar N 
ə 1989 86.6 BS 85.5 7.1 73.5 7.3 
1990 90.5 92.4 7.7 89.6 7.1 
1991 95.6 6.8 100.7 9.8 99.9 8.9 
1992 100.0 7.5 100.0 10.6 100.0 10.0 
1993 102.0 6.9 94.8 10.8 88.8 10.4 
6.1 
1994 105.3 92.1 9.6 92.8 8.7 
1995 107.3 5.6 93.9 8.6 97.3 8.7 
1996 109.3 5.4 95.9 8.8 96.0 8.1 
1997 1122 4.9 96.7 8.4 104.1 7.0 
1998 — 1187 4.5 94.9 7.7 113.8 6.3 
1999 123.4 4.2 96.8 7.0 117.5 6.0 
2000 134.7 4.0 100.0 6.1 114.8 5.5 
2001 137.8 4.7 98.9 6.5 114.7 5.1 
2002 1478 5.8 101.0 7.0 126.8 5.2 
2003 158.2 6.0 116.7 6.9 145.2 5.0 
2004 161.5 5.5 127.1 6.4 171.4 4.8 
2005 168.3 5.1 141.8 6.0 177.4 4.8 
2006 172.4 4.6 155.5 5.5 192.3 5.5 


a) Aylyklaryü yokarlanmagy  (derejániü yokarlanmagy) adamlaryü işe bolan 
hówesini artdyrmaly, ve şunlukda işsizlik derejesiniñ düşmegine getirmelil 


b) Regressiya netijenamalary aşakda (Şekil - 2 ABS, Şekil - 3 Angliya, Şekil - 
4 Xanada) görkezilen: 
Şekil - 2 (ABŞ) 


SUMMARY OUTPUT 


Regression Statistics 
Multiple R 0.664451742 
R Square 0.441496118 
Adjusted R Square 0.419155963 
Standard Error 25.99635358 


Observations 27 
ANOVA 
df ss MS F Significance F 

Regression 1 13355.66668 13355.66668 19.76244624 0.000156851 
Residual 25 16895.25998 675.8103993 
Total 26 30250.92667 

Coefficients Standard Error t Stat P-value Lovver 9526 Upper 95796 Lower 95.076 Upper 95.0% 
Intercept 202.1486586 22.08012125 9.155233175 1.84546E-09 156.6737976 247.6235196 156.6738 247.6235196 


UN U.S. -15.55945619 3.500048509  -4.4454973 0.000156851 -22.767941 -8.35097135 -22.767941 -8.350971353 


164 


Şekil - 3 (Angliya) 


SUMMARY OUTPUT 


Regression Statistics 
Multiple R 0.815544289 
R Square 0.665112487 
Adiusted R Square 0.651716986 
Standard Error 25.04043858 


Observations 27 
ANOVA 
df SS MS F Significance F 

Regression 1 31132.93163 31132.93163 49.6519324 2.19099E-07 
Residual 25 15675.58911 627.0235644 
Total 26 46808.52074 

Coefficients Standard Error t Stat P-value Lower 9526 | Upper959?6 Lower 95.0% Upper 95.0% 
Intercept 212.0608562 17.26788357 12.28065127 4.36892E-12 176.4969843 247.6247281 176.49698 247.6247281 
UN U.K. -14.53798671 2.063175585 -7.04641273 2.19099E-07 -18.7871764 -10.2887971 -18.787176 -10.28879706 

Şekil - 4 (Kanada) 
SUMMARY OUTPUT 


Regression Statistics 
Multiple R 0.539239004 
R Square 0.290778703 
Adjusted R Square 0.262409851 
Standard Error 21.79696162 


Observations 27 
ANOVA 

df ss MS F Significance F 
Regression 1 4869.81827 4869.81827 10.24992849 0.003701871 
Residual 25 11877.6884 475.1075359 
Total 26 16747.50667 


Coefficients Standard Error t Stat P-value Lower95% | Upper 95% Lower 95.0% Upper 95.0% 
Intercept 155.9507334 20.74020878 7.519246074 7.13598E-08 113.2354738  198.665993 113.23547 198.665993 
UN CAN -7.852279974 2.452648761 -3.20155095 0.003701871 -12.9036047 -2.80095529 -12.903605 -2.800955295 


c) Yokardaky netijenamalarda görşüüiz yaly, işsizlik bilen aylyklaryü arasynda 
oñaysyz gatnaşyk bar (ters gatnaşyk)! Aşakda (Şekil - 5) pooled model 
regressiya netijenamasy görkezilen. Pooled model regressiyalarda, ¿ahli 
maglumatlar bir regressiyada górkezileyár. Bizin elimizde her bir dövlete 
degisli 27 maglumat bar, biz munyü áhlisini bir regressiyada jemleyáris, 
yagny 81 maglumatly regressiya emele gelyár. 


Şekil - 5 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.701091763 
R Square 0.491529661 
Adiusted R Square 0.485093327 
Standard Error 25.02818498 
Observations 81 
ANOVA 
df ss MS F Significance F 

Regression 1 47837.65794 47837.65794 76.36796131 3.14837E-13 
Residual 79 49486.39342 626.4100432 
Total 80 97324.05136 

Coefficients Standard Error t Stat P-value Lower 9596 | Upper95% Lower 95.076 Upper 95.0% 
Intercept 184.4410131 10.3233158 17.86645073 1.77947E-29 163.892967 204.9890592 163.89297 204.9890592 
UN -11.60300422 1.327745541 -8.73887643  3.14837E-13 -14.2458156 -8.96019283 -14.245816 -8.960192826 
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LSDV ya - da fixed effect model regressiyasy şeyle amala aşyrylyar: görşüňiz 
yaly biziü elimizde 3 yurdyü maglumaty bar. Bu yurtlaryü ykdysadyyeti bir - 
birinde yakyn bolsada, aslynda tapavutly. Bu tapavut, ulumy Ya - da kiçimi 
muny bilmek üçin her bir dövlet üçin dummy górkeziji getiryáris (demi 3 dürli 


górkeziji bolany üçin Angliya we Kanada üçin 2 dummy getireris). 


Yokarda 


(Şekil - 6) regressiya netijenamasynda görülişi yaly 95% âhtimallyk bilen 3 
yurdun arasyndaky aylyklar bilen işsizlik derejelerinin arasynda tapawut yok! 
Munyü manysy şu: Pooled model regressiya ulanmagy dowam edibermelil Aşakda, 
EXCEL - de munyü nahili edilişi görkezilen: 


Şekil - 6 (LSDV regression) 


SUMMARY OUTPUT 


Regression Statistics 


Multiple R 


0.717321756 


R Square 0.514550502 
Adjusted R Square 0.495636885 
Standard Error 24.77061306 
Observations 81 
ANOVA 
df SS MS F Significance F 

Regression 3 50078.13946 16692.71315 27.20529377 4.23387E-12 
Residual 77, 47245.9119 613.5832715 
Total 80 97324.05136 

Coefficients Standard Error t Stat P-value Lower 95% | Upper 95% Lower95.0% Upper 95.0% 
Intercept 185.5746399 10.24852849 18.10744246 1.77689E-29 165.1672125 205.9820673 165.16721 205.9820673 
UN -12.86205712 1.476508131 -8.71113193 4.32465E-13 -15.8021604 -9.92195382 -15.80216 -9.921953815 
Kanada 11.86447022 7.443578608 1.593920189 0.115050771 -2.9575884 26.68652884 -2.9575884 26.68652884 
UK 13.01670811 7.297906722 1.783622154 0.078425303 -1.51528073 27.54869695 -1.5152807 27.54869695 


COMPENSATION JUN Kanada (UK 

1 sse — 71| ol 0 

2 ete| 76) o 0 

3 67.2 0 

4 69.3 0 

5 71.6 0 

6 75.3 0 

7 78.8 0 

8 81.3 0 

9 84.1 0 
10 86.6 2 0 
11 aal  se| o 0 
12 9.6 oo 68, o 0 
13 100|)  75| o 0 
14 102|  69| o 0 
15 105.3 6.1 0 0 
16 107.3 5.6 0 0 
17 109.3 5.4 0 0 
18 112.2 4.9 0 0 
20 234, 42 ol 0 
21 1347 o 4 — 0 0 
22 137.8 4.7 0 0 
23 147.8| 58 ol 0 
24 158.2 0| 
25 161.5 0 
26 168.3 0 
27 172.4 0 
28 49 0 
29 53.8 0 
30 60.1. 0 
31 64.3 0 
32 6 109) — 1 0 
33 es) —102| — 1 0 
34 649 — 93| A 0 
35 696 sal A 0 
36 78.5 E 0 
37 85.5 0 
38 92.4 0 
39 100.7 0 
40 100 0 
41 94.8 0 
42 921) 96) 1 0 
43 9.9 al d 0 
44 959 88 1| 0 
as sl sel 1| 0 
46 949| 77) 1 0 
47 96.8 0 
48 100 0 
49 98.9 0 
50 101 0 
51 116.7 0 
52 127.1 0 
53 141.8 0 
54 isss| —ss| 4 0 
55 421 69) o 1 
56 475) 971 ol 1 
57 4511  108| 01 1 
58 41.9 1 
59 39.8 1 
60 42.3 1 
61 52 1 
62 6a.5|  10s5| ol 1 
63 748| 86) o 1 
64 735) 73| ol 1 
65 se.e| 71) oa 1 
66 99 a9 on 
67 100 1 
68 88.8 1 
69 92.8 1 
70 97.3 1 
71 96 1 
72 104.1 0 1 
73 113.8 6.3 0 1 
74 117.5 6 0 1 
75 mas, ss) o 1 
76 1147) — 51| o 1 
77 1268 — 52 ol 1 
78 14525 — s| a 1 
79 171.4 4.8 0 1 
80 177.4 4.8 0 1 
81 192.3 5.5 0 1 
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11 - NJI BÖLÜM.DÖVÜRLI MODELLER (DYNAMIC 
MODELS) 


Ykdysadyyetde bolup geçyân üytgesmelere - tâsirler (shocks) diyilyür. 
Mysal üçin inflyasiyanyi yokarlanmagy ya - da düşmegi, girdejileriñ 
yokarlanmagy, eksportun artmagy. importun artmagy. önümçiligiü düşmegi we s.m. 
tasirler ykdysadyyete ofayly (positive shock) ya - da oüaysyz (negative shock) 
tâsir edip bilyâr. Yöne, bu tásirler ykdysady  górkezijileri dessine 
üytgetmeyár we üytgeşmeler yuvaş - yuvaş özüni görkezip başlayarlar. Muña - da 
ekonometrikada “time lag" (doly tösiriniü soürak belli bolmagy, yza galmak) 
diyilyâr. Mysal üçin diyeli ykdysadcynyn aylygy 10 müh Manat bolsun, we munyü 
70% - ni, yagny her ayda 7 müh Manadyny gerekli harajatlar üçin sowulyan 
bolsun. Diyeli ykdysadçynyü aylygy 15 mp Manada galdyrylsyn (yagny 502), 
ykdysadçy dessine harajatlaryny hem 505 - e yokarlanmagyna garaşmaly dâl 
(yagny harajatlary 10,5 müñ Manada). Harajatlary yokarlanar, yöne bu dessine 
bolmayar! Mysal üçin inflyasiyanyü yokarlanmagy puluü hümmetsizlenmegini 
aüladyar, yöne inflyasiya çak edilenden 2% - 3% yokarlandy diyip adamlar 
dessine pullaryndan “dynmaga” (başga pul birlgine çalyşmaga, ya - da altyn 
kümüş almaga we suña meüzes) ylgamayarlar. Dogry, inflyasiyanyi çak edilenden 
yokary bolmagy puldan “dynmaga” iterer, yöne bu dessine bolmayar, belli bir 
wagtyn dowamynda amala aşar. Gysgaca aydanymyzda, tásirleriü gysga möhletleyin 
netijesi (short term effect) bolyar ve uzak möhletleyin netijesi (long term 
effect) bolyar. Yokardaky ykdysadcy harajatlaryny indiki ay belki 1 min 
Manada artdyrar, soüky ay 1,200 Manada, ve belki - de bir Yyldan soñ her 
aydaky jemi harajaty 10 min Manat töweregi bolar we ortaça her añ şol 10 min 
Manatda hem galar (equilibrium state - tâsiril doly özleşdirilmegi). Aylyoyü 
50% yokarlanmagy tasiri, doly ykdysadçy tarapyndan “özleşdirilyânçâ” (yagny 
her ayda 10 müü Manat tövereginde bolmagy) diymek 1 yyldan govrak vagt gerek 
boldy, ynha muña - täsiriň uzak möhletleyin netijesi (long term effect of 
shock - equilibrium state) diyilyar. Ykdysadçynyü indiki ay harajatlarynyñ 1 
müň Manada yokarlanmagyna bolsa - tásiriá gysga möhletleyin netijesi (short 
term effect of shock) diyilyür. Islendik üytgeşmeleriü/tdasirleriü dolulygyna 
özleşdirilmesi üçin wagt gereklidir! Şonuü üçinem, täsirleriň gysga we uzak 
möhletleyin netijeleri bolyar. Dówürli modellerin esasy maksady - tdsirleriü 
gysga ve uzak möhletleyin netijesini tapmakdyr! Dövürli modeller diyip - 
garassyz Ya - da garaşly görkeziliniü geçen dövürlerinii hem modele 
"oturdylmagyna" aydylyar. Yagny: 


Y, = By + P2Xt + B3X 1 + P3Xt-2 + u, (1) 


169 


Y, = By + 62X: + PsY,-1 t Ut (2) 


Eger - de ekonometrik modelde dine garaşsyz görkezijiniň geçen dówürleri bar 
bolsa muña - distributed - lag model diyilyâr (yokarda 1 - nji model). Eger - 
de modele bagly/garaşly górkezijiniü hem geçen dówürleri bar bolsa, bu 
modellere - autoregressive model diyilyâr (yokarda 2 - nji model). 


Dövürli modeller bilen işleşilende esasy kyncylyk döredyan zat - nâçe döwür 
yza gaytmaly? - soragydyr (How many lags must be included in the model?). 
Dövürli modeller bilen işleşilende esasan 4 usul bardyr: Ad hoc estimation 
(AHE/: Koyck Aproach (KA): Adaptive Expectations model (AE): Partial Adjustment 
model (PAM). Men bu kitapda esasan hem (AHE), (KA) we (PAM) ulanmakçy, sebâbi 
bular iñ yörgünli usullardyr! 


EXERCISE 17.22": Aşakda (Şekil - 1) 1070 - 1991 yyllar aralygyndaky ABS - 
daky kârhanalaryü uzak möhletli aktiwlere (enjamlar, binalar, zavodlar, we 
s.m.) maya goyumynyü (Y) we jemi girdejilerinin (X) maglumaty berilen (milyard 
USD). Su aşakdaky modeli ulanyp, kárhanalaryü girdejileriniü artmagynyá maya 
goyuma gysga we uzak möhletli tâsirlerinin netijelerini 3 usuly ulanmak arkaly 
(AHE, KA we PAM) tapalyi: 


Y, = By + BoX, tu 


Şekil-1 
IZ: WAY 2 Year Plant Expenditure, Y Sales, X; Year Plant Expenditure, Y Sales, X> 
Investment in Fixed 
Plant and Equipment 1970 36.99 52.805 1981 128.68 168.129 
in Manufacturing Y 1971 33.60 55.906 1982 123.97 163.351 
Sales X? in Billions of 1973 42.35 72.931 1984 139.61 190.682 
Dollars, Seasonally 1974 52.48 84.790 1985 152.88 194.538 
Adjusted, 1975 53.66 86.589 1986 137.95 194.657 
United States, 1976 58.53 98.797 1987 141.06 206.326 
1970—1991 1977 67.48 113.201 1988 163.45 223.541 
A 1978 78.13 126.905 1989 183.80 232.724 

r arne nehor a 1979 95.13 143.936 1990 192.61 239.459 

e President, 1993. Data on 
Y from Table B-52, p. 407; 1980 112.60 154.391 1991 182.81 235.142 
data on X? from Table 8-53, 
p. 408. 


— 


AHE usuly: AHE usulyny ulanmazdan op. ilki başda gönümel modeli regres edip 
netijenamany göreliü (Şekil - 2): 


a 


” Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009 ,page 664,Exercise 17.22 
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Şekil - 2 
SUMMARY OUTPUT 
Regression Statistics 

Multiple R 0.990888763 | 
R Square 0.98186054 | 
Adjusted R Square 0.980953567 | 

Standard Error 7.291200716 

Observations 22 
ANOVA | 
df Ss MS F Significance F | 
Regression 1 57551.09015  57551.09015 1082.568651 6.85257E-19 | 
Residual 20 1063.232158 53.16160789 | 
Total 21 58614.32231 | 
İ 
Coefficients Standard Error t Stat P-value Lower 95% | Upper 9596 | Lower 95.076 | Upper 95.0% | 
Intercept -18.8019922 4.097403348  -4.588757962  0.000177936 -27.3490259 -10.254959 -27.34902585 -10.25495862 | 
H 0.838078921 0.025471657  32.90241103 6.85257E-19 0.784945976 0.89121187 0.784945976 0.891211866 

Yokardaky (Şekil - 2) regressiya netijenama  layyklykda kàarhanalaryñ 


girdejilerinin 1 milyard USD artmagy, maya goyumynyn takmynan 0.83 milyard USD 
artmagyna getiryür. Galan görkezijiler modeliü dogra örân yakyndygyny 
görkezyür (F - test, T - test, R” örün yokary, Standard Error kiçi). Yöne, 
girdejinin artmagy, dessine şol girdejinin 83% maya goyumyna geçirilmegine 
getiryármi, ya - da bu wagt alyarmy? 


AHE usuly: Bu usula layyklyda, garaşsyz górkezijiniün geçen dówürlerini modele 
goşyarys. Haçanda haçan, goşulan geçen dówüriü T - testi netijesi bu 
görkeziliniü âhmiyetsizdigini yşarat etse, şol yerde hem döwürde hem modeli 
saklayarys, Yagny: 

Y, = By + P2Xt + 632 + ut 


Eger - de 2 garaşsyz górkezijem áhmiyetli bolsa, onda yene bir dówüri 
regressiya goşyarys, yagny: 


Y, = By + P2Xt + P3Xt-1 + P4Xt-2 + ut 


Eger - de 3 garassyz górkezijem áhmiyetli bolsa, onda yene bir dövüri 
regressiya goşyarys, yagny: 


Y, — Bı + PX: + b3Xt-1 + B4Xt-2 + 5:X:-3 web UE 
Soüky goşulan dövüriü ühmiyetsiz bolyanca ya - da belgisini üytgedyünçü (mysal 


üçin oñayly bolmaly bolsa birdenkâ ofaysyz belgi alyp başlasa) muny dowam 
etdiryâris. 
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Yokardaky modelimize bir döwri goşalyü ve regressiya netijenamasyny alalyü 
(Şekil - 3): görşüüiz yaly, iki döwür hem 90% öhtimallyk bilen âhmiyetli 
górkeziji. Üçünii döwri hem goşalyü (Şekil - 4): görşüüiz yaly, ikinji dövrüfü 
T - test netijesiniñ onuü âhmiyetlidigini tassyklayanlygyna garamazdan, 
belgisi üytgedi (-), munyü manysy şu - die 2 döwri modele “oturdyp 
bileris” . Yagny dogry model şu aşakdaky: 


Y, = By + P2Xt + P3Xt-1 + Ut 


Sekil - 3 


SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.993241436 
R Square 0.98652855 
Adiusted R Square 0.985031722 
Standard Error 6.33569211 
Observations 21 
ANOVA 
df SS MS F Significance F 

Regression 2 52912.21537 26456.10768  659.0795271 1.46127E-17 
Residual 18 722.5379013  40.14099451 
Total 20 53634.75327 

Coefficients | Standard Error tStat P-value Lower 95% | Upper 9576 | Lower 95.0% | Upper 95.0% 
Intercept -17.3894772 4.391683714 -3.959637893  0.000918835 -26.6160624 -8.1628921  -26.61606236 -8.16289214 
X 0.395597045 0.216274261 1.829145286 0.083994762 -0.05877832 0.84997241 -0.058778317 0.849972406 
X(t-1) 0.455472253 0.213547811 2.132881868  0.046956624 0.006824951 0.90411956 0.006824951 0.904119555 


Şekil - 4 


SUMMARY OUTPUT 


Regression Statistics 


Multiple R 0.994691828 
R Square 0.989411832 
Adjusted R Square 0.987426551 
Standard Error 5.614294264 
Observations 20 
ANOVA 
df SS MS F Significance F 
Regression E] 47126.65417 15708.88472  498.3735778  5.24881E-16 
Residual 16 504.3248013 31.52030008 


Total 47630.97898 


Coefficients | Standard Error tStat P-value Lower 95% | Upper daf | Lower 95.096 | Upper 95.0% 
Intercept -23.0816701 4.65431323  -4.959199975 0.000142106 -32.9483733  -13.214967 -32.94837333 -13.21496677 
X 0.416882256 0.199538523 2.08923194 0.05301888 -0.00612052 0.83988503 -0.006120517 0.839885028 
X(t-1) 0.956622916 0.295978353 3.232070543 0.005214022 0.329176837 1.58406899 0.329176837 1.584068994 
X(t 2) -0.5196885 0.212639168 -2.443992354 0.026489231  -0.9704634 -0.0689136 -0.970463401 -0.068913602 
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Ekonometriki  modelimizdáki X, görkezijisinil kafisenti 0.39 - gysga 
möhletleyin netijáni górkeziji diyilyár (X. - hâzirki dówürdáki garaşsyz 
górkeziji). Yagny, girdejilerii 1 milyard USD artmagy, kârhanalaryi maya 
goyumy hözirki dövürde, gysga vagtda (dessine) 0.39 milyard USD artmagyna 
getirer! Dövürleri bolan garaşsyz görkeziiileriü kafisentlerin jemi bolsa - 
girdejileriü armtagynyn uzak móhletdáki getirjek netijesini görkezer. Bizin 
modelimizde bu 0.85 - defi, bu suny aüladyar: uzagyndan (uzak möhletde), 
girdejilerin 85% maya goyumyna övrülmegine getirer! Modelimizde bary yogy 2 
döwür bolmagy bolsa suny afüladyar: jemi girdeiilere tásir bolan yagdayynda, 
oñayly ya - da oflaysyz, munyü kârhanalar tarapyndan doly “özleşdirilmegi” 
üçin 2 yyl gerek bolar! (Her döwür 1 yyly aüladyar). 


B, + ps = 0.395 + 0.455 = 0.85 


| 
. ni 


AHE usulynyñ esasy 2 kemçiligi bardyr: 1) geçen dówürleriñ regressiya gosulmagy 
netijesinde  multicollinearity meselesiniñ döremegidir. Multicollinearity 
meselesi garaşsyz görkezijileriň Yalüyşlyuyny (variance) ulaldfanlygy üçin, 
âhmiyetli gérkezijinifiem, âhmiyetsiz górünmegine getiryanligidiri 2) döwürleriň 
artdyrlmagy bilen Yityün maglumat sanydyr! Ykdysadyyetde, maglumat - gyzyldan 
gymmatlydyr, şonul üçinem hiç bir ykdysadçy maglumat yitirmek islemez, esasan 
hem eger ölem maglumat sany tygsytly bolan seljeris işlerindelAşakda döwürli 
regressiyanyn amala aşyrylyşy EXCEL - de görkezilen: 


O əə 


Y x Y x X(t-1) Y x X(t-1) Xx(t2) 
36.99 52.805 33.6 55.906 52.805 35.42 63.027 55.906 52.805 | 
33.6 55.906 35.42 63.027 55.906 42.35 72.931 63.027 55.906 
35.42 63.027 4235 72.931 63.027 5248 84.79 72.931 63.027 
42.35 72.931 52.48 84.79 72.931 53.66 86.589 34.79 72.931 
52.48 84.79 53.66 86.589 84.79 58.53 98.797 86.589 84.79 
53.66 86.589 58.53 98.797 86.589 67.48 113.201 98.797 86.589 
58.53 98.797 67.48 113.201 98.797 78.13 126.905 113.201 98.797 
6748 113201 78.13 126.905 113.201 95.13 143.936 126.905 113.201 
78.13 126.905 95.13 143.936 126.905 112.6 154.391 143.936 126.905 
95.13 143.936 112.6 154.391 143.936 128.68 168.129 154.391 143.936 
1126 154.391 128.68 168.129 154.391 123.97, 163.351 168.129 154.391 
128.68 168.129 123.97. 163.351 168.129 117.35| 172.547, 163.351 168.129 
123.97 163.351 117.35! 172.547 163.351 139.61 190.682 172.547 163.351 
117.35 172.547 139.61 190.682 172.547 152.88 194.538 190.682 172.547 
139.61 190.682 152.88 194.538 190.682 137.95 194.657 194.538 190.682 
152.88 194.538 137.95 194.657 194.538 141.06 | 206.326 194.657 194.538 
137.95 194.657 141.06 206.326 Oo 194.657 163.45| 223.541 206.326 194.657 | 
141.06 206.326 163.45 223.541 206.326 183.8 232.724 223.541 206.326 
163.45 223.541 183.8 23224 223.541 192.61 239.459 232.724 223.541 | 
183.8 232724 192.61 239.459 232.724 182.81| 235.142 239.459 232.724 
192.61 239.459 182.81 235.142 239.459 
182.81 235.142 
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b) KA usuly: Bu usul ulanmak arkaly distributed - lag modeli, autoregressive 
modeline övrülyür ve şunlukda multicollinearity meselesinden  "dynylyar" 
we maglumat yitirilenok! L.M.Koyck, geçen dówürleriü kafisenti geometriki 
yagdayda azalyandygyny öfe sürüpdir we şeyle formula bilen görkezmek 
mümkindigini One sürüpdir: 

0<y<1 
Muny ol şu yerden alyar: 
Y, = æ + BoXt + PoyXt-1 + Boy”X:-z + Boy? Xt-3 + li: (1) 
Onda: 
Ye = A+ PoXt-1 + PoyXt-2 + Poy^Xt-3 T Boy”Xt-a unu 
Deülemani y bilen kópeltsek: 
YY = ya + PoyXt-1 + Boy? X. + Boy? X. + BoY Xt-4 Try. (2) 
(1) defülemeden (2) deülemáni ayyrsak: 
Y, —V¥p-1 = a — ya + BoX; + Up — yu, .,7? 
Dovam etdirsek, Koyck modelinin birinji regressiyasyny alarys, yagny: 


Tasiriü gysga möhletleyin netijesi = Bo 


Tasirin uzak möhletleyin netijesini tapmak üçin: 


Tâsirin doly ózlesdiriljek wagtyny tapmak üçin: 


a Koyck transformation 
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Dövürli modelleri ulanmak arkaly tásiriü uzak möhletleyin we gysga möhletleyin 
netijelerini tapmak üçin ilki bilen Koyck modelini ulanmak üçin Koyck 
transformasiya regressiyasyny amala aşyralyü (Şekil - 5), yagny: 


Y, = a(1— y) + Bake + YY,-1 + Ut — VUe-1 


Sekil - 5 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.993541895 
R Square 0.987125496 
Adjusted R Square 0.985694996 
Standard Error 6.193728173 
Observations 21 
ANOVA 
df SS MS F Significance F 

Regression 2 52944.2324 26472.1162 690.0560662 9.71795E-18 
Residual 18 690.520836 38.3622687 
Total 20 53634.7533 

Coefficients standard Erroi tStat P-value Lower 9526 Upper 9576 Lower 95.0% | Upper 95.0% 
Intercept -15.1040327 4.72945037 -3.1936127 0.005032651 -25.0402392 -5.16782618 -25.0402392 -5.16782618 
X 0.629273439 0.09781912 6.43303079 4.70008E-06 0.423763085 0.834783794 0.423763085 0.834783794 
Y (t-1) 0.271676087 0.11485833 2.36531454  0.029445722 0.030367682 0.512984492 0.030367682 0.512984492 


Y, — —15.1 + 0.629 X, + 0.27Y,_4 
Bu yerde: 
By = 0.629 we y — 0.27 


Karhananyn girdejilerinin 1 milyard USD artmagy, gysga wagtda maya goyumyny 
0.629 milyard USD artmagyna getirer. Girdejilerin artmagynyn uzak möhletleryin 
tasirini bilmek üçin: 


> Pr = Bo Gi —) — 0.629 — = 0.864 


k=0 


Girdejileriñ artmagy, uzak möhletde şol girdejilerin takmynan 86% maya 
goyumyna övrülmegine getirer! Girdejä bolan tásiriü kárhanalar tarapyndan doly 
özleşdirme wagtyny (dówür sany) tapmak üçin: 
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y 0.27 


== =s 
1—y 1027 


Koyck model mean lag — 


Koyck modeline layyklykda, girdejilere tösirif maya goyumy hökmünde doly 
özleşdirilyânçâ takmynan 0.37*12-4.47 takmynan 5 ay gerek bolar (1 Yyldan az). 
Koyck transformasiya modelini uzak möhletleyin tásiri górkezyán modele öwürmek 
üçin: 


Y, = a(1 — y) + 602t + Ye + üz — Yuri 
Y, = a(1 — 0.27) + 0.864X, 
a (1 — 0.27) = —15.1 
a = —20.7 
Onda, tásiriá uzak wagtlayyn netije modeli şu aşakdaky bolar: 
Y, = —20.7 + 0.864X, 


Aşaşkda (Şekil - 6) Koyck transformasiya regressiyasyny amala aşyrmak üçin 
EXCEL - de gerekli maglumat amaly görkezilen: 


Şekil - 6 


R S T U V | ow 
Y x Y x Y (t-1) 
36.99 52.805 33.6 55.906 36.99 
33.6 55.906 35.42 63.027 33.6 
35.42 63.027 42.35 72.931 23542 
42.35 72.931 52.48 84.79 42.35 
52.48 84.79 53.66 86.589 52.48 
53.66 86.589 58.53 98.797 53.66 
58.53 98.797 67.48 113.201 58.53 
67.48 113.201 78.13 126.905 67.48 
78.13 126.905 95.13 143.936 78.13 
95.13 143.936 112.6 154.391 95.13 
112.6 154.391 128.68 168.129 112.6 
128.68 168.129 123.97 163.351 128.68 
123.97 163.351 117.35 172.547 123.97 
117.35 172.547 139.61 190.682 117.35 
139.61 190.682 152.88 194.538 139.61 
152.88 194.538 137.95 194.657 152.88 
137.95 194.657 141.06 206.326 137.95 
141.06 206.326 163.45 223.541 141.06 
163.45 223.541 183.8 232.724 163.45 
183.8 232.724 192.61 239.459 183.8 
192.61 239.459 182.81 235.142 192.61 


182.81 235.142 
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c) PAM usuly: Yokarda - da agzalysy yaly, dövürli modelleri maksady 
tasirlerin gysga we uzak möhletleyin netijelerini bilmek ve öwrenmekdir! 
DAN modelinde - de ilkinji regressiya KA modeline mefüzeyör, yagny: 


Yokarda (Şekil - 5) regressiyany edyàñiz ve netijenamany alyaüyz, yagny: 
Y, = —15.1 + 0.629 X, + 0.27Y,.4 


Yokardaky modele PAM gysga möhletli netije modeli diyilyür. Yene - de (KA 
modelindáki yaly) garassyz górkezijiniü kafisenti (0.629) gysga möhletde 
boljak tâsirin netijesini afladyar. PAM usuly boyunça tásiriü uzak möhletleyin 
netijesini görmek üçin: 


(1 — 6) = 0.27 > 6 = 0.728 

Boô = —15.1 > By = —20.7 

f,6 = 0.629 > f, = 0.864 
Y, — —20.7 4- 0.864X, 


KA, PAM ve AE modellerinde tdsirin gysga móhletleyin netijesi we uzak 
möhletleyin netijese regressiya netijenamasy (modelleri) deüdir! Yöne, bu 
modellerin fundamental esaslary başgadyrl Bu modelleri gelip cykysynyn 
matematiki subutnamalary bu kitapda görkezilmedi (sebábi kitabyü maksady amaly 
ekenometrika!), matematiki subutnamasy bilen gyzyklanyanlar üçin degişli ylmy 
işlere seretmegi maslahat beryâris! 


EXAMPLE 17.117: Aşakda (Şekil - 7) 1979 - 1988 aralygynda Kanadanyñ pula 
talaby (Mı), karz göterimi (R), hakyky jemi içerki önümçilik (Y), baha 
deflyatory (P, 1981 - 100) çâryekleyin berilen we şu aşakdaky model teklip 
edilyâr: 

M; = p n y m 
Jemi içerki önüme boljak tàsiriñ puluñ talabyny gysga we uzak möhletleyin 
nahili tàsir etjekdigini övrenmek üçin muny AHE, KA we PAM modelleri bilen 


seljeris edelin: 


74 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 640,Table 17.5 
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Şekil - 7 
TABLE 17.5 Observation M1 R P GDP 
Money, Interest Rate, 
Price Index, and 1979-1 22,175.00 11.13333 0.77947 334,800 
GDP, Canada 1979-2 22,841.00 11.16667 0.80861 336,708 
i 1979-3 23,461.00 11.80000 0.82649 340,096 
erer Ree 1979-4 23,427.00 14.18333 0.84863 341,844 
1980-1 23,811.00 14.38333 0.86693 342,776 
1980-2 23,612.33 12.98333 0.88950 342,264 
1980-3 24,543.00 10.71667 0.91553 340,716 
1980-4 25,638.66 14.53333 0.93743 347,780 
1981-1 25,316.00 17.13333 0.96523 354,836 
1981-2 25,501.33 18.56667 0.98774 359,352 
1981-3 25,382.33 21.01666 1.01314 356,152 
1981-4 24,753.00 16.61665 1.03410 353,636 
1982-1 25,094.33 15.35000 1.05743 349,568 
1982-2 25,253.66 16.04999 1.07748 345,284 
1982-3 24,936.66 14.31667 1.09666 343,028 
1982-4 25,553.00 10.88333 1.11641 340,292 
1983-1 26,755.33 9.616670 1.12303 346,072 
1983-2 27,412.00 9.316670 1.13395 353,860 
1983-3 28,403.33 9.333330 1.14721 359,544 
1983-4 28,402.33 9.550000 1.16059 362,304 
1984-1 28,715.66 10.08333 1.17117 368,280 
1984-2 28,996.33 11.45000 1.17406 376,768 
1984-3 28,479.33 12.45000 1.17795 381,016 
1984-4 28,669.00 10.76667 1.18438 385,396 
1985-1 29,018.66 10.51667 1.18990 390,240 
1985-2 29,398.66 9.666670 1.20625 391,580 
1985-3 30,203.66 9.033330 1.21492 396,384 
1985-4 31,059.33 9.016670 1.21805 405,308 
1986-1 30,745.33 11.03333 1.22408 405,680 
1986-2 30,477.66 8.733330 1.22856 408,116 
1986-3 31,563.66 8.466670 1.23916 409,160 
1986-4 32,800.66 8.400000 1.25368 409,616 
1987-1 33,958.33 7.250000 1.27117 416,484 
1987-2 35,795.66 8.300000 1.28429 422,916 
1987-3 35,878.66 9.300000 1.29599 429,980 
1987-4 36,336.00 8.700000 1.31001 436,264 
1988-1 36,480.33 8.616670 1.32325 440,592 
1988-2 37,108.66 9.133330 1.33219 446,680 
1988-3 38,423.00 10.05000 1.35065 450,328 
1988-4 38,480.66 10.83333 1.36648 453,516 


Ilki bilen sada OLS regressiyasyny amala aşyrmak üçin modelimizi linear edelin 
yagny, matematiki şeklini logarithma almak arkaly üytgedeliü, yagny: 


InM; = Info + pilnR, + p; InY; + Ut 


Aşakda (Şekil - 8) yokardaky modelin regressiya netijenamasy görkezilen: 


Şekil - 8 


SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.976490068 
R Square 0.953532853 
Adjusted R Squarı 0.951021115 
Standard Error 0.034953296 
Observations 40 
ANOVA 
df SS MS F Significance F 

Regression 2 0.927614752 0.463807376 379.630746 2.1989E-25 
Residual 37 0.045204118 0.001221733 
Total 39 0.972818869 

Coefficients Standard Error t Stat P-value Lower95% | Upper 9576 Lower 95.0% Upper 95.0% 
Intercept -8.750094156 0.977186426 -8.954375462 8.5149E-11 -10.730062 -6.7701264 -10.730062 -6.77012638 
LnR -0.066604312  0.02782314 -2.393846003 0.02185648  -0.1229793  -0.0102293 -0.1229793 -0.01022928 
InGDP 1.492702911 0.072838117  20.49343091 8.6275E-22 1.34511887 1.64028695 1.34511887 1.640286954 
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Yokardaky (Şekil - 8) regressiya netijenamasyndan hem görünişi yaly, âhli 
górkezijiler âhmiyetli (F - test we T - testler netijeleri yokary we gowy) ve 
umuman alanymyzda Kanadada, pula talaba 95% tásir edyán faktorlar jemi içerki 
önüm bilen karz göterimleri diyilse yalüyş bolmaz! Ykdysady nazaryyetin hem 
çak edişi yaly: karz góteirmleriü artmagy pula talaby azaldar, 
önümiü artmagy bolsa pula talaby artdyrar! Jemi içerki önümiü 1% artmagy pula 


talaby takmynan 1.5% artdyrar, yöne bu uzak möhletdemi, 


jemi içerki 


dessinemi ya - da 


belli bir wagtdan sofimy? Muny anyklamak üçin AHE, KA we PAM ulanyp jogaplalyn. 


AHE usuly: Jemi içerki önümiü geçen dövürlerini bir - birden regressiya goşmak 
arkaly dowam edeliñ, yagny (Şekil - 9): 
Şekil - 9 


SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.978510053 
R Square 0.957481923 
Adjusted R Squarı 0.953837516 
Standard Error 0.033211034 
Observations 39 
ANOVA 
df SS MS F Significance F 
Regression 3 0.869340285 0.289780095 262.726427 4.7231E-24 
Residual 35 0.038604047 0.001102973 
Total 38 0.907944332 


Coefficients Standard Error 


t Stat 


P-value 


Lower95% | Upper 95% 


Lower 95.0% Upper 95.0% 


Intercept -8.148496904 0.961585068 
LnR -0.067997826 0.028154031 
InGDP 2.007361381 0.603234107 


InGDP (t-1) 


-0.561429611 


-8.474026042 
-2.41520743 
3.327665593 


0.60494798  -0.928062625 


5.3458E-10 
0.02108617 
0.0020685 


0.35973144 


-10.100618 -6.1963754 
-0.1251535 -0.0108421 
0.78273104 3.23199172 
-1.7895393 0.66668008 


-10.100618 -6.19637543 
-0.1251535 -0.0108421 
0.78273104 3.231991724 


-1.7895393 0.66668008 / 
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Yokardaky (Şekil - 9) regressiya netijenamada görünişi yaly jemi içerki ónümiii 
geçen dówüri regressiya oturdylanda, âhmiyetsiz górkeziji hökmünde góründe ve 
üstesine - de belgisi üytgedi. Şunlukda, AHE modeline layyklykda biz dine jemi 
içerki önümiü üytgemeginii puluü talabyna uzak möhletli talabyü modelini 
çykaryp bildik, gysga móhletdáki täsiriň netijesini bilip bolanok (şonuü 
üçinem sada OLS regressiyasyna gaydyp gelyâris)! 


InM; = —8.75 — 0.066InR, + 1.491nY, 
KA usuly:ilki bilen  Koyck transformasiyasy modelinii regressiyasynyi 
netijenamasyny alalyi (Şekil - 10): 


Y, = a(1 — y) + BoX, + yYi., + Ut — yüzi 


Şekil - 10 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.994882558 
R Square 0.989791305 
Adjusted R Squarı 0.988916274 
Standard Error 0.01627349 
Observations 39 
ANOVA 
df SS MS F Significance F 

Regression 3 0.898675406 0.299558469 1131.15001 6.8862E-35 
Residual 35 0.009268927 0.000264826 
Total 38 0.907944332 

Coefficients Standard Error t Stat P-value Lower95% | Upper 95% Lower 95.0% Upper 95.0% 
Intercept 0.041908712 0.902654064 0.04642832 0.96323277 -1.7905765 1.87439388 -1.7905765 1.874393883 
LnR -0.05639816 0.013244627 -4.258191736 0.000147 -0.0832862 -0.0295101 -0.0832862 -0.02951014 
InGDP 0.097010434 0.131423107 0.738153554 0.46534206 -0.1697927 0.36381353 -0.1697927 0.363813526 
İnM1(t-1) 0.888991496 0.083131137  10.69384504 1.4238E-12 0.72022632 1.05775668 0.72022632 1.057756677 | 


Yokardaky (Şekil - 10) regressiya netijenamasynda görnüşi yaly, jemi içerki 
önümiü 16 yokarlanmagy, gysga vagtyü içinde pula talabyñ 0.097 (takmynan 0.13) 
yokarlanmagyna getirer (T - testi bu górkezijiniá âhmiyetsiz görkezyündigine 
garamazdan). Koyck modeline görü, jemi içerki önümiü üytgemeginii puluü 
talabyna uzak móhletleyin tásiriniáü netijesini görmek üçin: 


CO 


> Pr = Bo (=>) = 0.097 (—) = 0.87 


k=0 
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Yagny, jemi içerki önümiü 1% artmagy, uzagyndan puluü talabynyi 0.87% 
artmagyna getirer! Gysga möhletde puluü talabynyn 0.097% - den, 0.87% - e 
çenli yokarlanmagyü (tasiri özleşdirmek) takmynan 8 cáryek alar, yagny: 


y 0.888 


Koyek model mean lag = = 59g 


PAM usuly: PAM usulynyi gysga móhletdáki tâsir netijesinif modeli KA 
modeliniükà meüzeyandigini unutmaü, yagny regressiya logikasy üytgânok (Şekil 
- 10) 

Y, = Bod + [40X, + (1 — ó)Y,_, + Gu; 


Onda ó = 0.111 


PAM modelinden ó = coefficient of adjustment (özleşdirme kafisenti) diyilyâr. 


Suny afiladyar: her döwürde, tüsiriü özleşdirilyün bölegi. Yagny, jemi içerki 
önümiü yokarlanmagy, pulun talabyna her çâryekde takmynan 11% tâsirini 
yetirmek bilen bile, dhli tasir doly özleşdirilmegi üçin 100%/11.11%=takmynan 
9 çüryek gerek bolar. 


Ekonometrikada haysy górkezijiniü garaşsyz, haysysynyü bolsa garasly/bagly 
górkeziji hökmünde regressiya gosulmalydygy sorag astynda bolan yagdayynda 
muny anyklamak üçin Granger test ulanylyar. Muny mysal üsti bilen görelil: 


EXERCISE 17.29”: Aşakda (Şekil - 11) 1960 - 1999 yyllar aralygynda ABŞ - da 
kârhanalaryi maglumatlar tehnologiyasyna maya goyumynyü (investment, Y, 
milyard USD), jemi girdejileriniá (sales, X, milyon USD) we iñ iri 
kârhanalarynyi borçnama kagyzlarynyi girdeji göterimi (interest, Xs, 
göterimde) berilen. 


” Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009 ,page 666 ,EXERCISE 17.29 


Şekil - 11 


Investments, Sales, and Interest Rate, United States, 1960-1999 
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TABLE 17.11 
Observation Investment Sales 
1960 4.9 60,827 
1961 5.2 61,159 
1962 5.7 65,662 
1963 6.5 68,995 
1964 7.3 73,682 
1965 8.5 80,283 
1966 10.6 87,187 
1967 11.2 90,820 
1968 11.9 96,685 
1969 14.6 105,690 
1970 16.7 108,221 
1971 17.3 116,895 
1972 19.3 131,081 
1973 23.0 153,677 
1974 26.8 177,912 
1975 28.2 182,198 
1976 32.4 204,150 
1977 38.6 229,513 
1978 48.3 260,320 
1979 58.6 297,701 


İnterest 


4.41 
4.35 
4.33 
4.26 
4.40 
4.49 
5.13 
5.51 
6.18 
7.03 
8.04 
7.39 
7.21 
7.44 
8.57 
8.83 
8.43 
8.02 
8.73 
9.63 


Observation 


1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 


İnvestment Sales Interest 
69.6 327,233 11.94 
82.4 355,822 14.17 
88.9 347,625 13.79 

100.8 369,286 12.04 
121.7 410,124 12.71 
130.8 422,583 11.37 
137.6 430,419 9.02 
141.9 457,735 9.38 
155.9 497,157 9.71 
173.0 527,039 9.26 
176.1 545,909 9.32 
181.4 542,815 8.77 
197.5 567,176 8.14 
215.0 595,628 7.22 
233.7 639,163 7.96 
262.0 684,982 7.59 
287.3 718,113 7.37 
325.2 753,445 7.26 
367.4 779,413 6.53 
433.0 833,079 7.04 


a) Y we X, görkezili arasynda haysysynyñ garaşsyz haysysynyñ bolsa bagly 
görkezilidigini Granger test ulanmak arkaly tapalyñ. Munyñ üçin ilki bilen: 


Y, = By + BoY:-1 + P3Yt-2 + BaYi-3 + Ut 


Görkezijini özüniü geçen dövürlerine (islân döwür sanyny saylap bilersiñiz, 


edyarsifüiz 


ve 


Upper 95% Lower 95.0% 


RSSr  hasabatyny 


Upper 95.096 


1.832574707 -3.92276623 


1.832574707 


men 3 döwri sayladym)  regressiyasyny 
r x r . . . a 
tapyarsyüyz, yagny RSS, (restricted regression residual sums) = 1161: 
Şekil - 12 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.998735683 
R Square 0.997472965 
Adjusted R Square 0.997243234 
Standard Error 5.931549897 
Observations 37 
ANOVA 
df ss MS F Significance F 
Regression 3 458289.739 152763.246 4341.926849  6.5079E-43 
Residual 33 1161.04838 35.1832842 
Total 36 459450.787 
Coefficients Standard Error t Stat P-value Lower 95% 
Intercept -1.045095761 1.41442557 -0.73888353 0.465200999 -3.92276623 
Investment (t-1) 1.758961762 0.21187283 8.30196927 1.37277E-09 1.32790324 


Investment (t-2) 
Investment (t-3) 


-0.591553298  0.39021849 
-0.123789633  0.24597072 


-1.51595406 
-0.50326979 


0.139052418 -1.38545878 
0.618117471 -0.62422082 


2.190020285 1.32790324 
0.202352181 -1.38545878 
0.376641558 -0.62422082 


2.190020285 
0.202352181 
0.376641558 
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Indiki ddim bolsa X, górkezijiniá 3 dövrüni hem regressiya gosyarsynyz 
(birinji regressiyada nace döwür saylan bolsafiyz 2 - de şonça döwür bolmaly) 
ve RSS (unrestricted regression residual sums) tapyarsyüyz, RSSg-929, yagny 
(Sekil - 13): 


Y; = Bı + B2Yi-i t P3Yt-z + BaYı-3 + BsXt-1 + BoXt-2 + P7Xt-3 + Uç 


Şekil - 13 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.998987798 
R Square 0.997976621 
Adiusted R Square 0.997571945 
Standard Error 5.566695775 
Observations 37 
ANOVA 
df SS MS F Significance F 
Regression 6 458521.144 76420.1907 2466.113963 5.285E-39 
Residual 30 929.643056 30.9881019 
Total 36 459450.787 
Coefficients Standard Error t Stat P-value Lower 9576 | Upper 95% Lower 95.026 Upper 95.0% 
Intercept 3.634515587 2.7888392 1.30323598 0.202408216 -2.06105391 9.330085079 -2.06105391 9.330085079 
Investment (t-1) 1.783761208 0.25258436 7.06204144 7.5E-08 1.26791513 2.299607287 1.26791513 2.299607287 
Investment (t-2) -0.317352987 0.48412271  -0.6555218 0.517127694 -1.30606346 0.671357486 -1.30606346 0.671357486 | 
Investment (t-3) -0.365629696 0.31144063 -1.17399484 0.24963301 -1.00167632 0.270416932 -1.00167632 0.270416932 
Girdefi (t-1) -4.8063E-05 0.00010457 -0.45962712 0.64909747 -0.00026162 0.000165496 -0.00026162  0.000165496 
Girdeji (t-2) -0.000143013 0.00017633 -0.81105234 0.423723731 -0.00050313 0.000217101 -0.00050313 0.000217101 | 
Girdefi (t-3) 0.000164826 0.00011931 1.3815412 0.17731591 -7.8829E-05  0.00040848 -7.8829E-05 0.00040848 


Indiki didim bolsa, iki regressiyanyü RSS şu aşakdaky F - testi amala 
aşyryarsyüyz, yagny (n = maglumat sany, k = garaşsyz górkeziji sany, m = 
goşulan girdeji dövür sany): 


(RSS, RSS). “(1161 = 929) 
m = 3 = 
m oe I 


(n- k) 87-0) 


F = 


Eger - de tapylan F - test netijesi 95% âhtimallyk bilen F-ticaa geçyün bolsa 
(F > Foritical) diymek, girdejiler maya goyumy üçin garassyz górkeziji! Eger - 
de (F € Ferticaı) bolsa, diymek girdejiler maya goyumyna tüsir edenok (Yagny, 
girdejiler maya goyumy üçin garaşsyz górkeziji hökmünde ulanylyp bilenok)! 
Foritical=2.42 numerator 6 we denominator 30 üçin, biziü tapan F - test 
netijámiz Foriticaa - 1 geçyanligi üçin, kârhananyi girdejisi kârhananyi 
maglumat tehnologiyalaryny çaklamada garaşsyz górkeziji hökmünde ulanylmagy 
mümkindir! 
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12 - NJI BÖLÜM.TWO-STAGE LEAST SQUARES 
ESTIMATION (2SLS) 


Şu wagta çenli áhli regressiyalarymyzda dine bir bagly/garaşly, bir ya - 
da birnáce garassyz górkezijiler bardy. Ykdysadyyetde görkezijiler gelip 
çykyşlary boyunça jemi 2 topara ayrylyarlar: 


e Endogenous variables (garasly, bagly górkezijiler): bu górkezijiler birnáce 
beyleki górkezijilerden emele gelyárler. Mysal üçin: baha, inflyasiya, 
ykdysady ösüş, işsizlik we s.m. Endogenous górkezijiler ykdysadyyetde D. 
Inflyasiya:, GDP; kiçi subscript "t" nyşany bilen görkezilyür. 


e Exogenous variables (garaşsyz górkezijiler): berilen górkezijiler mysal 
üçin: boyul, agramyü, girdejiñ, ve ş.m. Exogenous  górkezijileri 
ykdysadyyetde Io, Weight), Cykdajyo kiçi subscript “0”  nysany bilen 
görkezilyâr. 


Eger bizii modelimiziü sag  tarapyndaky garaşsyz görkezijilerii biri 
"endogenous" bolan yagdayynda nâme etmeli? Mysal üçin Talap we Üpjünçilik 
funksiyalarymyz bar bolsun (P = baha, I = girdeji): 


Q:(Talap) = Bı + BaP, + Balo + ut 
Q, (Üpjüncilik) = a, + a;P, + €, 


Talap ve Üpjünçilik funksiyalarynda górsüüniz yaly endogenous górkeziji P 
(baha) bar. Bular yaly yagday bolanda 2 uly mesele dóreyár: 


1) Talaby baha ve girdejá regress etseñiz bahanyü kafisent belgisi oňaýly 
çyksa bu üpjünçilik funksiyasy bolarmy? Ya - da ofayly belgili talap 
funksiyasy bolarmy? Yagny, identifikasiya (identification) meselesi 
dóreyár. 


2) Baha - da edil mukdar yaly endogenous górkeziji bolany üçin, bularyn 
haysysy haysysyna tasir edyár (Granger test), belkide Bahany mukdara 
regress etmelidiris? 


Ynha bu meseleleri çözmek üçin Two - Stage Least Squares (2SLS) usuly 
dörândir. Yagny (2SLS) usulynyn maksady, ekonometrik modellerdáki endogenous 
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górkeziji meselesini çözmekdir. (2SLS) usulynyü iñ esasy şertlerinden biri: 
eger - de M - sany çözülmeli deüleme bar bolsa İ(regressiya), onda her bir 
deülemede M-1 górkeziji bolmalydyr! Munyn asly linear algebradan gelyár! 


(2SLS) usuly 2 âdimeden duryar: 


Ilki bilen modelimizdâki endogenous  górkezijini dhli exogenous 
görkezijilere regress edyâris we çaklama endogenous (fitted endogenous) 
tapyarys. Mysal üçin yokardaky Talap ve Upjincilik funksiyamyzda 
(modelimizde) I (girdeji) yekeje exogenous görkeziji! Ilki bilen 
modelimiziü içindâki (dehlemânili sag tarapynda) endogenous górkeziji P - 
ni, I - ya regress edyüris ve çaklama P tapyarys (P), yagny: 


P, = 0, + 0;lg + Ut 
P - tapylandan soñra bolsa, Talap ve Üpiünçilik funksiyalarynyñ 
icindáki endogenous P yerine, çaklama P (P) goyupiki regressiyany hem 


amala asyryarsyñyz! Yagny: 


Q:(Talap) = ğı + BoP, t B3lp + ut 


Q: (Üp/ünçilik) = a, + aP, + e, 


EXERCISE 20.87: Aşakda (Şekil - 1) 1970 - 2005 yyllar aralygyndaky ABŞ - yü 
jemi içerki önümi (Yi), jemi pul mukdary (Yz), yerli maya goyumy (Xj), byujet 
çykdaiylary (X,) we dövlet borçnama bergi kagyzlarynyü göterimi (X:) berilen. 
Berilenleri ulanmak arkaly şu aşakdaky modellerin degişli kafisentlerini 
tapmaly (X,,Y, — endogenous; Y, — exogenous): 


Xs = By + BoY2 + Ya + u 


Y =a, + EE EE + ú 


(2SLS) usulyny ulanalyñ ve ilki bilen endogenous górkezijileri exogenous 
górkezijilere regress etmek arkaly caklama Y, tapalyñ. 


76 Basic Econometrics, Damodar N.Gujarati and Dawn C. Porter, fifth edition, 2009,page 732,Exercise 20.8 


TABLE 20.2 

GDP, M2, FEDEXP, 
TB6, USA, 1970-2005 
Source: Economic Report of the 


President, 2007. Tables B-2, 
B-69, B-84, and B-73. 


Observation GDP (Yı) 


1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 


3,771.9 
3,898.6 
4,105.0 
4,341.5 
4,319.6 
4,311.2 
4,540.9 
4,750.5 
5,015.0 
5,173.4 
5,161.7 
5,291.7 
5,189.3 
5,423.8 
5,813.6 
6,053.7 
6,263.6 
6,475.1 
6,742.7 
6,981.4 
7,112.5 
7,100.5 
7,336.6 
7,532.7 
7,835.5 
8,031.7 
8,328.9 
8,703.5 
9,066.9 
9,470.3 
9,817.0 
9,890.7 
10,048.8 
10,301.0 
10,703.5 
11,048.6 


M2 (Y2) 


626.5 
710.3 
802.3 
855.5 
902.1 

1,016.2 

1,152.0 

1,270.3 

1,366.0 

1,473.7 

1,599.8 

1,755.4 

1,910.3 

2,126.5 

2,310.0 

2,495.7 

2,732.4 

2,831.4 

2,994.5 

3,158.5 

3,278.6 

3,379.1 

3,432.5 

3,484.0 

3,497.5 

3,640.4 

3,815.1 

4,031.6 

4,379.0 

4,641.1 

4,920.9 

5,430.3 

5,774.1 

6,062.0 

6,411.7 

6,669.4 


GPDI (X1) 


427.1 
475.7 
532.1 
594.4 
550.6 
453.1 
544.7 
627.0 
702.6 
725.0 
645.3 
704.9 
606.0 
662.5 
857.7 
849.7 
843.9 
870.0 
890.5 
926.2 
895.1 
822.2 
889.0 
968.3 

1,099.6 

1,134.0 

1,234.3 

1,387.7 

1,524.1 

1,642.6 

1,735.5 

1,598.4 

1,557.1 

1,613.1 

1,770.6 

1,866.3 


FEDEXP (X2) 


201.1 
220.0 
244.4 
261.7 
293.3 
346.2 
374.3 
407.5 
450.0 
497.5 
585.7 
672.7 
748.5 
815.4 
877.1 
948.2 
1,006.0 
1,041.6 
1,092.7 
1,167.5 
1,253.5 
1,315.0 
1,444.6 
1,496.0 
1,533.1 
1,603.5 
1,665.8 
1,708.9 
1,734.9 
1,787.6 
1,864.4 
1,969.5 
2,101.1 
2,252.1 
2,383.0 
2,555.9 


Asakda (Sekil - 2) we (Sekil - 3) su regressiyalar górkezilen: 


Ké — €1 t €&1Y; (Sekil š: 2) 


y — 0, + 01Y, (Sekil = 2) 


TB6 (X3) 


6.562 
4.511 
4.466 
7.178 
7.926 
6.122 
5.266 
5.510 
7.572 
10.017 
11.374 
13.776 
11.084 
8.75 
9.80 
7.66 
6.03 
6.05 
6.92 
8.04 
7.47 
5.49 
3.57 
3.14 
4.66 
5.59 
5.09 
5.18 
4.85 
4.76 
5.92 
3.39 
1.69 
1.06 
1.58 
3.40 
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SUMMARY OUTPUT 


Regression Statistics 


Sekil - 2 


w 
D 


2.593028013 


0.806971987 


Multiple R 0.621047864 
R Square 0.38570045 
Adjusted R Square 0.367632816 
Standard Error 2.107528604 
Observations 36 
ANOVA 
df SS MS F Significance F 
Regression 1 94.81909814  94.81909814 21.34759057 5.30659E-05 
Residual 34 151.0170118 4.441676816 
Total 35 245.8361099 
Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower95.0% Upper 95.0% 
Intercept 8.908992968 0.702897857 12.67466229 1.95031E-14 7.480532657 10.33745328 7.480532657 10.33745328 
Y2 -0.000947006 0.000204964  -4.620345287 5.30659E-05 -0.00136354 -0.000530469 -0.001363544  -0.000530469 
RESIDUAL OUTPUT 
Observation Predicted X3 Residuals 

1 8.315693414 -1.753693414 

2 8.236334272 -3.725334272 

3 8.149209677 -3.683209677 

4 8.098828932 -0.920828932 

5 8.054698431 -0.128698431 

6 7.946644993 -1.824644993 

7 7.818041514 -2.552041514 

8 7.706010648 -2.196010648 

9 7.615382129 -0.043382129 

0 7.513389532 2.503610468 

1 7.393972016 3.980027984 

2 7.24661781 4.52938219 

3 7.099926507 3.984073493 

4 6.895183708 1.854816292 

5 6.721408021 3.078591979 

6 6.545548919 1.114451081 

7 6.321392488 -0.291392488 

8 6.227638847 -0.177638847 

9 6.073182092 0.846817908 

20 5.91787303 2.12212697 

21 5.804137553 1.665862447 

22 5.708963403 -0.218963403 

23 5.658393258 -2.088393258 

24 5.609622424 -2.469622424 

25 5.596837837 -0.936837837 

26 5.461510612 0.128489388 

27 5.296068582 -0.206068582 

28 5.091041681 0.088958319 

29 4.762051633 0.087948367 

30 4.513841237 0.246158763 

31 4.248868827 1.671131173 

32 3.76646373 -0.37646373 

33 3.440882906 -1.750882906 

34 3.168239743 -2.108239743 

35 2.83707158 -1.25707158 
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RESIDUAL OUTPUT 


Observation Predicted Y1 Residuals 
1 3916.945813 -145.0458129 
2 4021.163987 -122.5639867 
3 4135.58012 -30.58012017 
4 4201.742493 139.757507 
5 4259.696752 59.90324806 
6 4401.597631 -90.39763054 
7 4570.485793 -29.5857928 
8 4717.610017 32.88998337 
9 4836.627669 178.3723315 
0 4970.569164 202.8308361 
11 5127.393886 34.30611396 
2 5320.90639 -29.20639008 
13 5513.548337 -324.2483366 
14 5782.42625 -358.6262503 
5 6010.63669 -197.0366905 
16 6241.583169 -187.8831686 
7 6535.955982 -272.3559816 
8 6659.07769 -183.9776905 
19 6861.917597 -119.2175967 
20 7065.876791 -84.4767912 
21 7215.239592 -102.7395916 
22 7340.226781 -239.7267809 
23 7406.637884 -70.03788443 
24 7470.686046 62.01395389 
25 7487.47537 348.02463 
26 7665.193473 366.506527 
27 7882.459761 446.4402387 
28 8151.710771 551.7892289 
29 8583.75604 483.1439596 
30 8909.717656 560.5823445 
31 9257.69194 559.3080602 
32 9891.209096 -0.509096285 
33 10318.77721 -269.9772125 
34 10676.82509 -375.8250911 
35 11111.73076 -408.2307638 


36 11432.2203 


-383.6203029 


Şekil - 3 
SUMMARY OUTPUT 
Regression Statistics 
Multiple R 0.991526425 
R Square 0.983124651 
Adiusted R Square 0.982628317 
Standard Error 287.3273928 
Observations 36 
ANOVA 
df ss MS F Significance F 

Regression 1 163526750.7 163526750.7 1980.773163 9.99525E-32 
Residual 34 2806939.042 82557.03064 
Total 35 166333689.8 

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% | Upper 95.0% 
Intercept 3137.796817 95.82873912  32.74379738 2.68947E-27 2943.049388 3332.544246 2943.049388 3332.544246 
Y2 1.243653625 0.027943581  44.50587785 9.99525E-32 1.186865435 1.300441815 1.186865435 1.300441815 
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Ikinji ádim bolsa, tapylan çaklama Y, (Y,) ulanyp şu regressiyany edeli: 
X3 = Bı + B.Y; + Baki +u (Sekil 7 4) 
X3 = Q4 + a; Y, + u (Sekil = 5) 


Sekil - 4 


SUMMARY OUTPUT 
Regression Statistics 

Multiple R 0.621047864 
R Square 0.38570045 
Adjusted R Square 0.338221051 
Standard Error 2.107528604 
Observations 36 
ANOVA 

df SS MS F Significance F 
Regression 2 94.81909814 47.40954907 21.34759057 1.12423E-06 
Residual 34 151.0170118 4.441676816 
Total 36 245.8361099 

Coefficients Standard Error t Stat P-value Lovver 9576 Upper 9576 | Lower 95.096 | Upper 95.0% 

Intercept 11.29833501 1.179490689 9.578994656 3.46876E-11 8.901321531  13.69534849 8.901321531 13.69534849 
Predicted Y1 -0.000761471 0.000164808  -4.620345287 5.30659E-05 -0.0010964 -0.00042654 -0.001096402 -0.00042654 
Y2 0 0 65535 #NUM! 0 0 0 0 


Şekil - 5 


SUMMARY OUTPUT 
Regression Statistics 

Multiple R 0.621047864 
R Square 0.38570045 
Adjusted R Square 0.367632816 
Standard Error 2.107528604 
Observations 36 
ANOVA 

df SS MS F Significance F 
Regression 1 94.81909814 94.81909814 21.34759057 5.30659E-05 
Residual 34 151.0170118  4.441676816 
Total 35 245.8361099 

Coefficients Standard Error t Stat P-value Lovver 9576 Upper 95% | Lower 95.0% | Upper 95.0% 

Intercept 11.29833501 1.179490689  9.578994656 3.46876E-11  8.901321531 13.69534849 8.901321531 13.69534849 
Predicted Y1 -0.000761471 0.000164808 -4.620345287 5.30659E-05 -0.0010964  -0.00042654 -0.001096402 -0.00042654 


Yokarda (Şekil - 4) (2SLS) usulynyü deüleme sertini bozanymyz üçin bu 
netijenamany aldyk (identification problem). (Şekil - 5) görünişi yaly, jemi 
içerki önümiü yokarlanmagy, góterimleriü düşmegine sebâp bolyar. Aşakda bolsa, 
gótermileriü gónümel endogenous górkeziji bolan jemi içerki önüme regressiya 
netijenamasy görkezilen (Şekil - 6): 
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Şekil - 6 


SUMMARY OUTPUT 
Regression Statistics 

Multiple R 0.613040097 
R Sguare 0.375818161 
Adiusted R Square 0.357459872 
Standard Error 2.124412965 
Observations 36 
ANOVA 

df SS MS F Significance F 
Regression 1 92.3896747 92.3896747 20.47130607 7.04029E-05 
Residual 34 153.4464352 4.513130447 
Total 35 245.8361099 

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% | Lower 95.0% ` Upper 95.0% 

Intercept 11.18774114 1.179762498 9.483045241 4.46112E-11 8.790175283 13.585307 8.790175283 13.585307 
Y1 -0.000745284 0.000164721 -4.524522745 7.04029E-05 -0.00108004 -0.00041053 -0.001080037 -0.00041053 


Yokardaky (Şekil - 6)  regressiya  netijenamasy görşüliz yaly (2SLS) 
netijenamadan hiç bir tapawudy bolmady diyen yaly. Yöne siz muña aldanmaf, bu 
hemişe beyle dáldir! 
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STRATEGIC ADVANTAGES OF CREATION OF STATE SUPPORTED 
CRYPTOCURRENCY MINING INFRASTRUCTURE FOR ENERGY ABUNDANT 
ECONOMIES 


Yhlas Yagshyyev 
Head of International Economics Department, International University for Humanities and 
Development, Ashgabat, Turkmenistan (2020) 


ABSTRACT 

Past decade witnessed drastic expansion of crypto-currencies on the awe of ever- 
increasing global demand to this new fintech product. Especially, combination of couple of 
novelty ideas such as distributed ledger technology (DLT), blockchain, smart contract, with 
limited constant decentralized supply characteristics of this new currency through computational 
work (mining) gained cryptocurrencies a needed trust to be used not only as a medium of 
exchange, but also as an investment and savings tool. Even though cryptocurrency is a digital 
product, virtually could be supplied (mined) from any corner of the world where access to 
internet and electricity is available, the aim of this research was to find the long run optimal 
geographical location (country) for mining this “nevv resource". Internet and above mentioned 
simple yet secure technical characteristics of this “new resource" provide perfectly competitive 
environment for “miners” (price of the cryptocurrency is determined purely by market demand 
due to fixed supply, no transportation costs, no exporting or importing tariffs, no legal barriers 
for “mining” (as of 2021), etc.) but costs associated with mining will make profitability of this 
"business" vary depending on locations of miners. Through constructing and solving miner's 
profit maximization model, it was found that in a long run miner's profit will depend on single 
variable cost-electricity. Miners with lowest electricity cost will earn highest profits at given 
price. Furthermore, it is strongly believed that state support of crypto-currency mining “industry” 
through creating of national mining companies (or by creating mining cluster zones, etc.) 
economies may attain strategic edge in combating unfair economic sanctions, trade wars, 
geopolitical games, geographical and transportation difficulties. 


Key words: Cryptocurrency, energy abundant, economic sanctions, electricity, mining, profit 
maximization, digitalization 


INTRODUCTION TO GENERAL MECHANICS OF CRYPTOCURRENCIES 


It would not be considered as an exaggeration to compare an impact of the paper 
“Bitcoin: A Peer-to-peer electronic cash system” published in 2008 under the pseudonym of 
Satoshi Nakamoto (Nakamoto, 2008) to the financial world with an impact of the Charles 
Darwin's *On the Origin of Species" book published in 1859 to the world of social and 
humanitarian sciences. While Darwin's hypothesis continues boggling human minds over 160 
years, mind boggling by Satoshi Nakamoto's paper seems yet to come. Even though 
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cryptocurrency had not caught deserved attention initially, later on this “negligence” was 
compensated (Economic Report of President of United States, 2019), (Financial Conduct 
Authority report of United Kingdom, 2020), (Central Bank Digital Currencies joint report [Board 
of Governors of Federal Reserve System, Bank for International Settlements, Bank of England, 
Swiss National Bank, Sveriges Riskbank, Bank of Japan, European Central Bank, Bank of 
Canada], 2020), (G7 Working Group report on Stablecoins, 2019), (Establishment of The Digital 
Currency Research Institute by People's Bank of China, 2014), (Inthanon-LionRock joint project 
by Honk Kong Monetary Authority and Bank of Thailand, 2018), (Project Ubin by Monetary 
Authority of Singapore, 2016), (Project Stella by European Central Bank and Bank of Japan, 
2016), (Project Jasper by Bank of Canada, 2016), (Project Aber by Saudi Central Bank and 
Central bank of U.A.E., 2019), (Project Khokha by South African Reserve Bank, 2018), (Project 
SALT by Central Bank of Brazil, 2016), (Project Bakong by Cambodia Central Bank, 2020), 
(DXDECaribe project by Eastern Caribbean Central Bank, 2019), (Sand Dollar project by The 
Central Bank of Bahamas, 2019), (Internet and Mobile Association of India vs. Reserve Bank of 
India civil case judgement by The Supreme Court of India, 2020), (Top universities offering 
courses related to cryptocurrencies and their underlying technology, MarketWatch report, 2018), 
(Starting of trading Bitcoin (cryptocurrency!) futures at New York Stock Exchange, 2019) 
(Auer, Cornelli and Frost, 2020), (Hileman and Rauchs, 2017). Brilliant, yet simple solution to 
double spending problem when using digital currencies through special way of organizing, 
storing, and sharing of information among participants of network (nodes) introduced in paper 
was termed as a blockchain (chain of blocks!) by Nakamoto. Later on, this evolved into 
distributed ledger technology (DLT), capturing broader spectrum of decentralized asset transfer 
technologies. Decentralized transaction refers to transactions that are carried out among 
participants of network (peer-to-peer) without using any assistance by third parties (banks, other 
financial institutions, etc.) for verification or approval. Verifications of transactions are done by 
participants of network (miners!) themselves through proof-of-work (sort of solving 
cryptographic puzzle which gets harder as your computational power increases), which is a 
process of computational work (mining!) done in a certain time frame (during creation of 
blocks!) at the end of which miners are rewarded with portion of cryptocurrency freshly *mined" 
depending on each miner's computational work effort spent (hashing power!). The other way of 
thinking it is like a collective clearing house, where all participants need to verify each and every 
transaction helping whole process running and earning some reward in the process (Schilling and 
Uhlig, 2018). After each constant time laps all transaction records are “locked” and new block is 
formed. After creation of each block, miners get their rewards for their work efforts which are 
paid in cryptocurrency in constant supply (Abadi and Brunnermeier, 2018). The amount of 
reward each miner gets will depend on their work effort; hashing power. To gain more rewards, 
miners increase their hashing power through using specialized electronic circuits such as 
graphical processing units (GPU), application-specific integrated circuits (ASIC) and field- 
programmable gate arrays (FPGA) (Budish, 2018). These "locked" blocks make past 
transactions irreversible, which effectively eliminates the risk of double spending problem in 
digital currencies, thus increasing overall security of digital currencies (Catalini and Gans, 2019), 
(Zheng, Xie, Dai, Chen and Wang, 2017), (Caporale, Kang, Spagnolo and Spagnolo, 2020). 
Blocks of information records (ledger) regarding past transactions distributed among the 
participants of network is called blockchain. Technical and procedural characteristics of digital 
currencies such as size (1 MB, 1 GB, etc.), time frame for formation of each block (once every 
10 minutes, 20, etc.), supply of cryptocurrency as a reward for mining per block (10 units of 


194 


currencies per block, 20, 100, etc.), total cryptocurrency amount to be supplied (1 BLN, 10 BLN, 
etc.) and other fundamental issues are pre-determined and vvritten in its protocol (Böhme, 
Christine, Edelman and Moore, 2015). None of the participants can make any alterations in 
protocol except by mafority consensus. Change made due to disagreement in the state of the 
system, security or any other reasons to initial protocol is called forking (Misic, Misic, and 
Chang, 2019). Forking creates an alternative pathway for nevvly created blocks and participants 
may choose to follovv any pathvvay through updating softvvare and follovving nevv pathvvay or 
keeping an old version and continue follovving the old pathvvay. Netvvorks may be of open form 
where participants have free entry (permissionless), or in closed (permissioned) form where 
participants are chosen by majority consent or by central authority. 


ELEMENTS OF CRYPTOCURRENCIES 


Fundamental principles of cryptocurrency, as we know it today and which was relayed in 
groundbreaking paper of Satoshi Nakamoto (Nakamoto, 2008), could be divided into six parts: 
smart contract, distributed ledger, proof of work, blockchain, constant and decentralized supply 
of digital currencies and forking. 


Smart contract is a transaction protocol created for automated machines and computers 
for instant automatic execution as soon as contract obligations are met. American cryptographer 
Nick Szabo put forward idea of smart contract in his paper (Szabo, 1997) and gave simple 
example of vending machine. When coin is entered into the vending machine it automatically 
brings out the demanded product. Machine automatically executes transaction as soon as 
conditions of transaction protocol is met. The paper discusses importance of smart contracts and 
inevitability of its future successful implementation due to increasing international trade and due 
to natural benefit from paper cost reduction for entrepreneurs. All existing cryptocurrencies have 
basic transaction rules encrypted (stated, written) in its protocol (Swan, 2015), (Cong and He, 
2018). Over 1700 published works (articles, notes, speeches, etc.) about smart contracts within 
last couple of decades (Salmeron-Manzano and Manzano-Aguigliaro, 2019) and its recent 
implementation to various areas show huge applicability potential of this technological novelty 
(Fintech Note 6, World Bank Group, 2020). 


Distributed ledger technology (Fintech Note 1, World Bank Group, 2017) eliminated 
the need for third parties for executing transactions because all transaction records are kept by 
participants of network simultaneously (Huberman, Leshno and Moallemi 2018), (Morabito, 
2017). Classic transactions require third party for recording all transactions and acting as a 
clearing house (banks, stock exchanges, derivative exchanges, etc.) in between two parties (seller 
and buyer) earning commission on the go for a provided service. General ledger is kept by record 
keepers and parties have an access to their own transaction records only. Other records were 
protected by law due to privacy reasons. Distributed ledger technology has many benefits such as 
increasing welfare through decreasing transaction costs (Chiu and Koeppl, 2018), increasing 
general security of whole process due to the fact that all records of transactions are kept by all 
miners simultaneously (this does not mean that individual accounts of miners are protected from 
hackers attacks!), and elimination of monopoly over store and possession of transaction records. 
According to recent researches made by various central banks (Central Bank Digital Currencies 
joint report [Board of Governors of Federal Reserve System, Bank for International Settlements, 
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Bank of England, Swiss National Bank, Sveriges Riskbank, Bank of Japan, European Central 
Bank, Bank of Canadal, 2020), distribution ledger technology opts to play pivotal role in 
managing of national digital currency profects. 


Proof of work can shortly be described as total energy (computational power) spent to 
solve (output) cryptographic puzzles in a given time frame (Dvvork and Naor, 1993), (Takobsson 
and Juels, 1999). Think of a class where students are given hundred questions and ten minutes to 
solve them. The more you solve till the duration ends, the higher the grade you vvill get. Proof of 
your vvork vvill be amount of solved questions. High amounts of solved questions vvill shovv 
greater (energy) brain efforts spent, which deserve a high grade! The same logic is applicable in 
crypto-currency mining. The bigger efforts you spend (higher the hashing power), the bigger 
portion of prize (crypto-currency) the miner gets. 


Blockchain is the chain made of blocks of transaction records. As per crypto-currency 
protocol, every certain time frame, the information regarding transactions of crypto-currencies is 
"locked", thus forming blocks of information. Those blocks of information cannot be altered 
without majority consensus. Forking is, simply put, diversion of blockchain into different paths, 
and it is becoming main issue in crypto-currency world. 


Constant and decentralized supply of currencies: Monetary policy, including currency 
emission, is monopolized and managed by central banks (or any other government agency) of 
governments. This can lead to moral hazard and conflict of interest issue for government 
officials if independency of government institutions is not properly maintained. Many cases 
could be brought from history when dully printing money was used as means to deal with budget 
deficit, or when foreign funds acquired from selling government bonds (foreign debt) is used for 
"inefficient" projects, or, what even worse, simply settles in some private accounts of top 
bureaucrats. Consequences of this type of "financially unethical" actions could be dire, from 
hyperinflation to economic collapse. Decentralized nature of crypto-currency supply (mining) 
eliminates the monopoly over money supply effectively helping *money" to gain independency 
from politicians. One of the main intrinsic difference of crypto-currency from fiat currency is 
that amount of total currency and emission time are all constant, predetermined (written in their 
protocol) while same cannot be said for fiat currencies. 


METHODOLOGY AND MODEL 


Miners get rewards, crypto-coins, depending on the work effort they spent 
(computational power); 


Qo 


Wit + W2t + W3t wet Wnt ~ ft 

Qo = total crypto-coins mined in one period, thus we assume here that supply of crypto- 
coins is constant regardless of total efforts spent. Amount of crypto-coins to be supplied in one 
period is predetermined, written in protocol (exogenous variable). 

Wi, = work effort of miner i spent at period t 

q, = portion of total crypto-coins mined per single unit of work effort spent by miners at 
period £. As it can be seen from the equation above, increase (decrease) in number of miners (in 
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next period) will decrease (increase) portion of crypto-coins per single unit of work effort spent 
(of course we assume everything else remains constant, ceteris paribus); 


Qo 


EAE oti 
W4t41 + W2t+1 T W3 044 F Wn t+1 FWn+1,t+1 


q, > dışı 


Total global revenue (TGR) earned by miners in one period will be equal to; 
TGR = Po * Qo 
Po = Exchange rate of crypto-currency (or price of crypto-currency). 
Revenue of miner i (R;) from mining in period t; 
Rit Po *Wit* qi 


Cost function of miner i (TC;;) for period t will consist of fixed cost (fc,) used in period t, 
which will include all costs not directly associated with amount of crypto-coins mined or any 
work efforts spent such as rent, employee salary, etc. and variable cost, which will include 
amortization costs (wear and tear cost!) of all equipment used (mə) and electricity cost (el;) in 
period £. Variable costs will change depending on work efforts spent in period f. Thus; 


TC; = (m, + elj) * wi, + fci 


. a Gg : .. „ÔT 
Profit maximizing conditions for miner i is cm = 0); 
w 


Wit 
Po*qu*(1— cy. = mi, + el, 
k=1 Wk 


1-7 Wy = is the total efforts spent by all miners. As it is seen from left hand side of the 
equation above, revenue from investing/spending one more unit of effort of the miner i positively 
correlate with exchange rate, Po, and portion of crypto-currency per unit of effort, q. Intuitively, 
it has negative correlation with total efforts, which means: revenue from investing one more unit 
of effort from mining will decrease as number of miners’ increase (keeping everything else 
constant)! From the right hand side of equation, we see that in a long run, only costs that matters 
for investing/spending one more unit of effort of the miner i for crypto-currency mining are 
amortization and electricity. Taking into the consideration the fact that the technology used in the 
process of mining is same everywhere (computers, graphical processing units (GPU), 
application-specific integrated circuits (ASIC) and field-programmable gate arrays (FPGA)), and 
if all the safety and other standards are followed, one can assume that amortization costs per 
crypto-coin mined will be the same. Thus, profitability of mining will depend on cost of energy 
spent (in our case it is electricity)! Those geographies with low energy costs will have a strategic 
advantage in crypto-currency mining. 
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CONCLUSION 


One of the main reasons why crypto-currencies do not gain trust of the majority of 
regulators is due to its volatility. Unpredictable price fluctuations and decentralized (thus no 
regulated) nature of crypto-currencies makes them highly “risky” asset. Miners will lose money 
if price of crypto-currency drops below its cost. As stated in this paper, in a long run the only 
cost that matter is cost of electricity. As we all know, electricity prices are not the same around 
the world. Miners from energy abundant countries (natural gas, petrol, sunlight, etc.) where 
electricity prices are low will be less worried from price fluctuations. Mining also could have 
been excellent solutions for countries which are having geopolitical issues such as sanctions, 
transactions and trade bans, transportation problems and problems arising from landlocked 
geographical nature of a country. Energy abundant nations can start mining in national level by 
establishing state mining centers and use their cheap energy and turn it to hard currency. This 
would have solved artificially created political and geopolitical obstacles and would have given a 
country strategically and economically important instrument. One should also keep in mind the 
fact that, cybersecurity will be a first obstacle in implementation of this type of projects. 
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